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ABSTRACT 
The current study evaluated a bio-monitoring technique developed in the USA by Adams, 
Brown and Goede, 1993. This project was sponsored by the Department of Water Affairs 
and Forestry (DWAF), to enable testing of the Health Assessment Index (HAI) under 
South African conditions. Testing took place in the Olifants River system, one of the 
most polluted river systems . in South Africa. Initially two river points were tested using 
Oreochromis mossambicus (Robinson, 1996), Clarias gariepinus (Marx, 1996) and 
Labeo rosae (Luus-Powell, 1997). The current study re-tested the HAI at the same two 
sample sites, namely Mamba and Balule in the Kruger National Park, using 0. 
mossambicus and C. gariepinus respectively. Two additional sites were tested in the 
upper catchment area, namely Loskop Dam and Bronkhorstspruit Dam. The current study 
further enabled the comparison of HAI results collected during drought and flood 
conditions. 
Results obtained after deployment of the HAI were corroborated using chemical analysis 
of water, sediment and biota. Water and sediment analysis was carried out by the Institute 
for Water Quality Studies using standard techniques. Bio-accumulation of aluminium, 
copper, iron, lead, manganese, nickel, strontium and zinc was assessed in the gills, liver, 
skin and muscle tissue of sample fish using standard Atomic Absorption Spectrometry 
techniques. Modifications made to the original HAI involved the inclusion of variable 
ranking in the assessment of fish parasites, with endo- and ectoparasites evaluated 
separately. Testing of this parasite hypothesis lead to the development of a Parasite Index 
component to the HAI. 
Assessment of water, sediment and fish tissue determined that the Olifants River system 
is indeed exposed to macro and heavy metal pollutants, which negatively affect aquatic 
health. Constituents posing the greatest threat are chlorides, fluorides, phosphates, total 
dissolved solids, copper and iron concentrations. Testing the HAI and parasite hypothesis 
using C. gariepinus, provided the most meaningful results. During testing of the parasite 
hypothesis both endo- and ectoparasite numbers conformed to the suggested idea that 
higher endoparasite numbers will occur at highly impacted areas, whereby ectoparasite 
numbers will be low. This was particularly evident in the lower catchment area, whereby 
comparisons between drought and flood conditions were carried out. Subsequent 
decreases in water quality directly after the flood were noted using water and sediment 
analysis. This observation reflects the results gathered using the HAT and during testing 
of the parasite hypothesis at all four sample sites. During statistical analysis of the HAI, 
using logistic regression analysis, parasite numbers, more specifically endoparasite 
numbers, were the most indicative of fish health. Environmental stressors (flood 
conditions) result in immunological responses observed in fish, and are reflected 
statistically using the HAI as changes in WBC %. It is suggested that endoparasites and 
WBC % provide the best overall assessment of fish condition. These variables should 
thus not be eliminated, in order to streamline the HAI evaluation procedures. 
Testing of this bio-monitoring technique under South African conditions provided 
meaningful results. This indicates that the HAI can be used to assess water quality, with 
existing water monitoring programmes further benefiting from its incorporation. 
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OPSOMMING  
Die huidige studie het 'n biologiese moniteringssisteem ontwikkel in the VSA deur 
Adams, Brown en Goede, 1993 geevalueer. Die projek is deur die Departement van 
Water Wese en Bosbou (DWWB) geborg, ten einde die evaluering van die 
visgesondheidsindeks onder Suid Afrikanse kondisies te bewerkstellig. Die indeks 
is in die Olifantsriviersisteem getoets, een van die mees besoedelde riviersisteme in Suid 
Afrika. Aanvanklik was twee rivierpunte geevalueer deur Oreochromis mossambicus 
(Robinson, 1996), Clarias gariepinus (Marx, 1996) en Labeo rosae (Luus-Powell, 1997). 
Die huidige studie het weer die VGI by dieselfde twee lokaliteite getoets, nl. Mamba en 
Balule in the Kruger Nationale Park, op 0. mossambicus en C. gariepinus onderskeidelik. 
Twee addisionele lokaliteite in die bolope van die rivier is ook getoets, nl. Loskopdam en 
Bronkhorstspruitdam. Die huidige studie het voorts vergelykings tussen droogte- en 
vloedtoestande moontlik gemaak. 
Chemiese analise van water, sediment en visweefsel as deel van die studie is gebruik ten 
einde die resultate van die visgesondheidsindeks te ondersteun. Water en sediment 
analises is deur gebruik van standaardtegnieke deur die Instituut vir Water Gehalte 
Studies ontleed. Bioakkumulering van aluminium, koper, yster, lood, mangaan, nikkel, 
stronsium en sink in die kieue, lewer, vel en spier van vis is deur standaard metodes vir 
Atoomabsorbsiespektrofotometrie bepaal. Veranderinge wat aan die oorspronklike VGI, 
gemaak is, sluit die gevarieerde bepunting van parasiete in, en endo- en ektoparasiete 
word apart geevalueer. Toetsing van die parasiethipotese het gelei tot die verdere 
ontwikkeling van 'n Parasietindekskomponent addisioneel tot die VGI. 
Evaluering van water, sediment en visweefsel het bevestig dat organiese- en 
swaarmetaalbesoedeling die visgesondheid negatief in die Olifantsrivier beinvloed. 
Besoedelstowwe met die grootste invloed op waterkwaliteit is chloried-, fluoried-, 
fosfaat-, totaaloplosbarestowwe, koper- en ysterkonsentrasies. Die evaluering van die 
VGI en parasiethipotese, deur middel van inligting versamel vanaf C. gariepinus, het die 
mees betroubare resultate getoon. Tydens evaluering van die parasiethipotese, het endo-
sowel as ektoparasietgetalle albei die hipotese gestaaf, deurdat meer endoparasite by die 
mees besoedelde lokaliteite versamel is en ektoparasiet getalle laag gebly het. Dit was 
veral beklemtoon tydens droogte- en vloedtoestand vergelykings. 'n Afname in 
waterkwalitiet direk na die vloed is deur water- en sedimentanalise bepaal. Hierdie 
toestand is verder deur die VGI en parasiethipotese by al vier lokaliteite bevestig. Tydens 
logistieseregressieanalise van die VGI, word parasietgetalle, hoofsaaklik 
endoparasietgetalle, as die . mees betroubare indikator van visgesondheid uitgewys. 
Omgewingsdruk (vloedtoestande) veroorsaak imuniteitsveranderinge in vis, hierdie 
veranderinge word statisties as veranderinge in WBT % in die VGI uitgewys. Gevolglik 
word voorgestel dat endoparasiet getalle en WBT % die beste indikatore is om 
visgesondheid te bepaal. Hierdie veranderlikes moet dus nie van die VGI verwyder word 
tydens vereenvoudiging van evalueringsprosedures nie. 
Die evaluering van die biologiesemoniteringssiteem onder Suid Afrikaanse toestande het 
betroubare resultate gelewer. Dit bewys dat die VGI wel gebruik kan word om 
waterkwaliteit te evalueer, en dat watermoniteringsprogramme sal baat by die 
inkorporering hiervan. 
iii 
LIST OF CONTENTS  
Chapter 1. 	 Introduction 
1.1. Introduction 	 1 
1.2. Breakdown of the research project 	 2 
1.3. Conclusion 	 4 
Chapter 2. 	 Study Area and Conditions of Sampling 
2.1. Introduction 	 5 
2.2. Description of Wilge River catchment (Bronkhorstspruit Dam) 
and possible sources of heavy metal pollution in this sub-catchment. 	 5 
2.3. Description of the Olifants River - Loskop Reach (Loskop Dam) 
and possible sources of heavy metal pollution in this sub-catchment. 	 7 
2.4. Description of the Olifants River - Lowveld Reach (Mamba and 
Balule) and possible sources of heavy metal pollution in this sub- 
catchment. 	 8 
2.5. Conditions during sampling:- flood/ drought 	 10 
2.6. Conclusion 	 12 
Chapter 3. 	 Water and Sediment 
3.1. Introduction 	 13 
3.2. Methods 	 13 
3.3. Results 	 14 
3.3.1. Macro Water Data 	 14 
3.3.2. Metals in water (mg/1) 	 18 
3.3.3. Metals in sediment (mg/1) 	 30 
3.4. Discussion 	 32 
3.4.1. Macro Variables 	 32 
3.4.2. Metals in the water (mg/1) and sediment (mg/1) 	 46 
3.5. Conclusion 	 54 
Chapter 4. 	 Bio-accumulation 
4.1. Introduction 	 57 
4.2. Methods 	 57 
4.3. Results 	 58 
4.3.1. Descriptive statistics 	 58 
4.3.2. ANOVA 	 71 
4.3.3. MANOVA 	 75 
4.4. Discussion 	 75 
4.4.1. Aluminium (Al) 	 75 
4.4.2. Copper (Cu) 	 77 
4.4.3. Iron (Fe) 	 79 
4.4.4. Lead (Pb) 	 81 
4.4.5. Manganese (Mn) 	 82 
4.4.6. Nickel (Ni) 	 83 
4.4.7. Strontium (Sr) 	 85 
4.4.8. Zinc (Zn) 	 86 
4.5. Conclusion 	 88 
iv 
LIST OF CONTENTS 
Chapter 5. 	 Health Assessment Index 
5.1. Introduction 	 90 
5.1.1. Fish as bio-monitoring tools:- development of the Fish 
Health Assessment Index (HAI) 	 91 
5.2. Methods 	 93 
5.3. Results 	 95 
5.3.1. Parasites of C. gariepinus 	 95 
5.3.2. Parasites of B. Marequensis 	 99 
5.3.3. Parasites of 0. mossambicus 	 101 
5.3.4. Four main parasite infestations recorded for C. gariepinus 	 102 
5.3.5. Pooled results using parasite numbers 	 105 
5.3.6. Blood variables for C. gariepinus 	 106 
5.3.7. Blood variables for B. Marequensis 	 111 
5.3.8. Blood variables for 0. mossanthicus 	 112 
5.3.9. HAI calculations 	 115 
5.3.10. The use of logistic regression analysis 	 116 
5.3.11. Cross tabulation and Chi2 analysis of data collected during 
the drought in 1994 	 119 
5.3.12. Logistic regression analysis 	 120 
5.3.13. Cross tabulation and Chi2 analysis of variables eliminated 
from the model developed during drought conditions, these 
variables were tabulated against included variables 	 121 
5.3.14. Logistic regression analysis 	 122 
5.3.15. Cross tabulation and Chi2 analysis of variables eliminated 
from the model developed during drought conditions, these 
variables were tabulated against included variables 	 122 
5.3.16. Logistic regression analysis 	 122 
5.3.17. Cross tabulation and Chi2 analysis of variables eliminated 
from the model developed during drought conditions, these 
variables were tabulated against included variables 	 123 
5.3.18. Logistic regression analysis 	 123 
5.3.19. Cross tabulation and Chi2 analysis of variables eliminated 
from the model developed during drought conditions, these 
variables were tabulated against included variables 	 124 
5.3.20. Logistic regression analysis 	 124 
5.3.21. Cross tabulation and Chi2 analysis of variables eliminated 
from the model developed during drought conditions, these 
variables were tabulated against included variables 	 125 
5.3.22. Logistic regression analysis 	 125 
5.3.23. Cross tabulation and Chi2 analysis of variables eliminated 
from the model developed during drought conditions, these 
variables were tabulated against included variables 	 130 
5.3.24. Cross tabulation and Chi 2 analysis of data collected during 
the floods in 1996/1997 
	
130 
5.3.25. Logistic regression analysis 	 130 
5.3.26. Cross tabulation and Chi 2 analysis of variables eliminated 
from the model developed during flood conditions, these 
variables were tabulated against included variables 	 131 
LIST OF CONTENTS 
5.3.27. Logistic regression analysis 
5.3.28. Cross tabulation and Chi 2 analysis of variables eliminated 
from the model developed during flood conditions, these 
variables were tabulated against included variables 	 131 
5.3.29. Logistic regression analysis 
	
131 
5.3.30. Cross tabulation and Chi 2 analysis of variables eliminated 
from the model developed during flood conditions, these 
variables were tabulated against included variables 	 132 
5.3.31. Correspondence analysis 
	
132 
5.3.32. Condition Factor 	 136 
5.4. Discussion 	 136 
5.4.1. Parasites 	 136 
5.4.2. List of Parasites found 	 139 
5.4.3. Hypothesis 	 146 
5.4.4. Evaluation of the Health Assessment Index (HAI) 	 150 
5.4.5. HAI calculation 	 162 
5.4.6. Logistic regression analysis and cross tabulation 	 163 
5.4.7. Correspondence analysis 	 165 
5.4.8. Condition Factor 	 166 
5.5. Conclusion 	 166 
Chapter 6. 	 General Discussion 
6.1. Introduction 	 169 
6.2. How can we be sure we are constantly testing the same fish 
population? 	 170 
6.3. How has the HAI been modified during the present study? 	 172 
6.4. How the HAI should be used to provide meaningful results 	 172 
6.5. Incorporation of the HAI into the National Biomonitoring 
Programme for Riverine Ecosystems (SANBP). 	 173 
6.6. Future developments for the HAI 	 177 
Chapter 7. 	 References 
7.1. References 	 179 
Appendix A. 
131 
VI 
CHAPTER 1 
INTRODUCTION 
I Chapter 1. 	 Introduction I 
1.1. Introduction 
The current study aims at evaluating the effectiveness of the Health Assessment Index 
(HAI) as bio-monitoring tool tested under South African conditions. This study was 
initiated by the Department of Water Affairs and Forestry (DWAF) and is carried out by 
the Rand Afrikaans University, also to assess the incorporation of this bio-monitoring 
technique, into existing water quality monitoring programs. The HAI was developed in 
the USA by Adams Brown and Goede (1993) for Pulp mill effluent. Under South African 
conditions, the HAI was tested in dams and river points, in the Olifants River system, to 
evaluate heavy metal pollution. At the time of sampling, the Olifants River system was 
considered one of the most polluted systems in South Africa, impacted by agricultural, 
industrial and urban users (Theron, Prinsloo, Giemsehl and Pullen consulting, 1991 
a,b,c). A good indication of the effectiveness of this bio-monitoring technique has thus 
been attained. 
During the initial evaluation of the HAI, three pilot studies were conducted, each on a 
different fish species sampled at the same sample sites and during the same periods in 
time. The assessments formed part of M.Sc. theses and were conducted by Marx (1996) 
on Clarias gariepinus, Robinson (1996) on Oreochromis mossambicus and Luus-Powell 
(1997) on Labeo rosae. A M.Sc. thesis by the present author conducted a comparison of 
the heavy metal bio-accumulation in C. gariepinus during drought and flood conditions, 
at the same two sample sites. This thesis also discussed the level of bio-accumulation at 
two additional sample sites in the upper Olifants River catchment. The fish assessed 
during this study are the same fish assessed using the HAI during the current study, thus 
heavy metal bio-accumulation results for this fish has not been included during the 
current study. 
The current study aims at substantiating the results obtained using C. gariepinus and 0. 
mossambicus collected at the same two sample sites assessed during the initial pilot 
studies. Two additional sample sites have also been assessed during the present study to 
evaluate if the HAI can be employed in the upper catchment area. The assessment of two 
dam sites in the upper catchment has enabled the comparison of different water systems 
in the Olifants River, with two river points sampled during the initial pilot studies. During 
the initiation of the current study, the Olifants River was in flood. As the initial pilot 
studies were conducted during drought conditions, the follow up study also facilitated the 
comparison of the HAI during variations in environmental condition (drought vs flood). 
During the present study, comparisons have been made between drought and flood 
conditions during evaluation of water, sediment and aquatic biota. 
In order to determine the true impact heavy metal pollutants have had on the aquatic 
environment, traditional chemical analysis of water and sediment has been assessed 
(Chapter 3.). Chemical analysis of water and sediment collected from the DWAF's 
historical data base, has been used to determine the true impact heavy metals and selected 
macro constituents have had on the system. This has also provided a framework against 
which to compare the results obtained, when the HAI is compared during drought and 
flood conditions respectively. Heavy metal bio-accumulation studies have also been 
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conducted on sample fish (Chapter 4.). This has further aid in the substantiation of the 
results obtained during the evaluation of this bio-monitoring technique. 
1.2. Breakdown of the research project 
Chapter 2. (Study area and conditions of sampling) 
This chapter describes the study area's being assessed. The two dam sites in the upper 
cathment area are situated in their own sub-catchments as described by Theron et al. 
(1991a), with the two river points both situated in the lowveld reach (Theron et al., 
1991a). During the description of each sample point, potential anthropogenic sources of 
water pollution have been identified. Potential sources of water pollution may also 
include natural heavy metal inputs from geological outcrops in the respective sub-
catchments, thus a description of the geological outcrops present in each sub-catchment 
has also been included. Because a comparison between drought and flood conditions has 
been carried out during the assessment of water, sediment and aquatic biota, fluctuations 
in mean annual rainfall patterns during a seven-year period (1990-1997) has also been 
included. This is the same period assessed for heavy metal and macro constituents using 
chemical analysis of water and sediment (Chapter 3.). 
Each rainy season results in an increase in the water flow in rivers and dams. The DWAF 
classifies each rainy seasons "flood episode", in order to identify periods of unusually 
high rainfall. During assessment of a seven-year period (1990-1997), each flood episode 
has been classified in order to determine the true extent of the 1992-1995 drought and 
1996/1997 flood. 
Chapter 3. (Water and Sediment) 
After an overview of the DWAF's historical data base, macro constituents included in the 
current study, are those posing a threat to aquatic life. Data was collected for these macro 
constituents from the DWAF's historical data base, and have only been assessed in the 
water column. These constituents include, carbonate, pH, chlorine, potassium, total 
dissolved solids, fluoride and orthophosphate concentrations respectively. Heavy metal 
data assessed in the water and sediment include those constituents tested in the liver, 
gills, skin and muscle of the sampled fish. Data for nickel, manganese, copper, lead, iron, 
strontium, zinc and aluminitim concentrations have been collected from the DWAF's 
historical data base respectively. 
During discussion, comparisons have been made between drought and flood conditions in 
order to determine the true impact these varying environmental conditions have had on 
the aquatic biota in the Olifants River system. 
Chapter 4. (Bio-accumulation) 
Bio-accumulation data has been assessed for 0. mossambicus and Barbus marequensis in 
order to establish the true extent of metal uptake and accumulation in the fish being 
sampled. B. marequensis has been sampled at Bronkhorstspruit Dam in the upper 
2 
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catchment as not enough 0. mossambicus are present at this site for statistical analysis to 
be carried out. 
Bio-accumulation data collected for C. gariepinus has not been included in the results of 
this chapter as they are already discussed as part of an M.Sc. thesis (Watson, 1998). 
Comparisons have however been made between all three data sets during the discussion, 
in order to facilitate comparisons between drought and flood conditions in the respective 
catchments. This includes a comparison between bio-accumulation data collected by 
Marx (1996) and Robinson (1996) respectively. Methods followed for the determination 
of bio-accumulation, have remained comparable with those carried out during drought 
conditions. This includes statistical analysis using ANOVA and MANOVA testing. 
Chapter 5. (Health Assessment Index) 
The introduction to this chapter has highlighted the basic definitions of bio-monitoring, 
why bio-monitoring should be assessed for incorporation into existing water quality 
monitoring programs and gives background to the development of the HAI designed by 
Adams et al. (1993). Following the methods developed by Adams et al. (1993), further 
statistical analysis has been conducted in order to determine which variables used in the 
assessment of fish health, are most suggestive of their health condition. Data collected 
from C. gariepinus, 0. mossambicus and B. marequensis are assessed during this chapter. 
Fish parasites have also been assessed separately in order to determine the impact 
infections of various parasites (endo- and ectoparasites) have had on fish condition. The 
testing of a hypothesis developed in order to use parasites as bio-indicators, has also been 
assessed. 
Blood constituents are considered good indicators of the immunological responses of fish 
to environmental stressors. Although these constituents form part of the general HAI 
evaluation, these results have been assessed separately in order to evaluate general trends 
in observed environmental impact. 
Using the variables selected for during logistic regression analysis (further statistical 
analysis employed on the HAI data) for flood conditions, correspondence analysis has 
been employed for all four-sample sites. This technique aims at indicating the distances 
or overlaps, which exist between sample sites, suggesting the possible status (polluted or 
control) or relationships which may exist between localities (Greenacre, 1994). 
The condition factor has been calculated for each sample site, fish species and season 
separately (Le Cren, 1951). 
Chapter 6. (General Discussion) 
General conclusions as to whether the HAI was successfully employed as bio-monitoring 
tool under South African conditions has been made. This is followed by comments and 
recommendations as to the use of the HAI in the Olifants River system and elsewhere in 
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the country. The incorporation of the HAI into the South African National Bio-
monitoring Programme has also been discussed, as well as the indication as to future 
developments for the HAI. 
Chapter 7. (References) 
References used during each of the six chapters, have been combined and listed 
alphabetically according to first author and chronologically by date. 
The general aims of this study can be summarised as follows :- 
to determine if the HAI can be successfully employed under South African 
conditions, 
to determine if the initial results obtained are repeatable, 
to determine if the HAI can be deployed in rivers and dams, 
to determine if varying environmental conditions (drought and flood) resulted in 
variations in results obtained when the HAI is deployed, 
to determine which of the variables used during the HAI are the most suggestive of 
differences in fish condition. 
1.3. Conclusion 
This thesis sees the culmination of seven year of study, with the extensive testing of this 
bio-monitoring technique in the Olifants River system, and can be seen as a summary of 
these results. 
4 
CHAPTER 2 
STUDY AREA AND 
CONDITIONS OF 
SAMPLING 
I Chapter 2. 	 Study Area and Conditions of Sampling I 
2.1. Introduction 
To establish a reference of where the study was conducted and under which conditions, 
the following chapter describes the study locations and highlights the possible sources of 
heavy metal pollutants at each sample site, and conditions during sampling in the 
catchment (flood vs. drought). 
The Olifants River catchment is over 54 500 km 2 in extent. It is situated between latitudes 
23 °30'S and 26°30'S and longitudes 28 ° 30'E and 32 °00'E. The natural mean annual runoff 
in the Olifants River, at the border with Mocambique, is estimated to be 2 280 million m 3 
(Theron, Prinsloo, Giemsehl and Pullen consulting, 1991a). 
Four-sample sites were chosen for study, two situated in the upper catchment area 
(Bronkhorstspruit Dam and Loskop Dam) and two in the lower catchment (Mamba and 
Balule) in the Kruger National Park (See Figure 2.1.). 
The Health Assessment Index was evaluated as bio-monitoring tool for heavy metal 
pollutants during the drought of 1992-1995 at Mamba and Balule and during the floods in 
1996/1997 at all four-sample sites. It is important to understand the environment in 
which one is working, that is, topography, climate and geology of the area before any 
impact assessment can be carried out, as varying environmental conditions impact on the 
system in different ways. In order to establish the true impact the 1996/1997 floods had 
on the system, the 1990/1991 flood episode was also investigated at all four-sample sites. 
2.2. Description of Wilge River catchment (Bronkhorstspruit Dam) and possible 
sources of heavy metal pollution in this sub-catchment.  
Bronkhorstspruit Dam falls into Sub-catchment B200 (Wilge River catchment) as 
described by Theron et al. (1991a), which covers an area of 4 356 km 2 . The Wilge River 
rises near Devon in western Mpumalanga and drains northwards to its confluence with 
the Olifants River upstream of Loskop Dam. The Bronkhorstspruit, which drains an area 
to the west of the Wilge River, also rises near Devon and joins the Wilge River at 
Premier Mine Dam. The main tributaries feeding Bronkhorstspruit are the Koffiespruit, 
Osspruit and Honde River (Theron et al., 1991a) (See Figure 2.1.). 
Bronkhorstspruit Dam was chosen as control site in the upper catchment. 
Bronkhorstspruit Dam was build for domestic, industrial and power generation purposes, 
with a storage capacity of 58.9 million m 3, it is one of the two major dams in B200 -
(Theron et al., 1991a). Bronkhorstspruit Dam's uses may indicate possible pollutant 
inputs into the system at this point, and are essential to establishing it's less polluted 
status. The impact to the system due to land use is dominated by agriculture with one 
major mining company, Premier (Tvl) Diamond Mining Co (Pty) Ltd. There are also a 
few minor mining and industrial activities, Wilge and Kendal power-stations, and urban 
development at Delmas and Bronkhorstpruit (Theron et al., 1991a). 
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Reed beds at the inlet to Bronkhorstspruit Dam help decrease pollutant inputs at this 
point. The root activity of these plants are especially important in water purification. 
Purification is achieved by ab/adsorption of organic compounds and trace metals 
(Biddelstone, Gray and Thurairajan, 1991; Wang and Peverly, 1996). 
Potential sources of water pollution 
Point sources include urban areas with discharges from municipalities (water purification 
and sewage treatment), mines (quartzite, sand, stone, fire clay, bricks and silica sand) and 
power-stations (Wilge — decommissioned, Kendal — not a major abstractor). Non-point 
sources include irrigation and livestock (Theron et al., 1991a). 
Heavy metals in the aquatic environment may also be present in the system due to natural 
inputs from surrounding geological outcrops. The main geological outcrops relevant to 
the Wilge River catchment, are the Karoo Super Group and Transvaal Super Group. 
Karoo rocks dominate over most of the study area, comprising of arkostic sandstone, grit, 
mudstone and coal streams. The Transvaal Super Group on the western side of the area 
consists mainly of dolomite, quartzite and shale, these rocks in combination with the 
steep natural slopes, have high runoff potential, and an accelerated rate of erosion and 
sediment accumulation can be expected (Theron et al., 1991b; Theron et al., 1991a). 
Rain plays a pivital role in determining the exposure of aquatic biota to pollutant inputs, 
especially heavy metals. During summer rains pollutant levels drop due to the dilution 
effect, with periods of high rainfall causing flooding in the system, resulting in re-
suspension of sediments due to turbulent mixing, releasing heavy metals back into the 
system. Most of the catchment falls in the Highveld climatic zone, which is typically 
semi-humid, hot with moderate to high evaporation. Eighty five percent of rain falls in 
summer and is characterised by showers and thunderstorms. The mean annual rainfall for 
the sub-catchment is approximately 730 mm with a mean annual runoff of 185 million m 3 
(Theron et al., 1991a). 
The maximum rainfall figures recorded at Bronkhorstspruit Dam during the study were 
observed during the warmer months. Mean annual rainfall figures of 57.6 mm (1990), 63 
mm (1991), 42.8 mm (1992), 58.3 mm (1993), 49.3 mm (1994), 75.5 mm (1995) and 
81.92 mm (1996) were recorded respectively, indicating a decrease in annual 
precipitation . during the drought period from 1992-1994. 
2.3. Description of the Olifants River - Loskop Reach (Loskop Dam) and possible 
sources of heavy metal pollution in this sub-catchment.  
Loskop Dam falls into Sub-catchment B320 as described by Theron et al. (1991a), which 
covers an area of approximately 5 112 km 2. From its confluence with the Wilge River, 
the Olifants River in this sub-catchment drains north, past Loskop Dam to its confluence 
with the Elands River, just upstream of Mokgoma Matlala Dam. The Selons, Blood and 
Moses Rivers are the main tributaries of the Olifants River in this sub-catchment but they 
are non-perennial streams (Theron et al., 1991 a) (See Figure 2.1.). 
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The Loskop Dam with a storage capacity of 348,1 million m 3, is the largest storage unit 
in the Olifants River catchment. Loskop Dam supplies domestic, industrial and irrigation 
users of which the latter is by far the dominant user (Theron et al., 1991a). 
Potential sources of water pollution 
Point sources include urban areas (Groblersdal — water treatment and sewage 
purification), mining (stone, sand, dolomite, gypsum and granite) and industries (small 
agro-industries). Non-point sources include irrigation (Loskop irrigation scheme — maize, 
wheat, cotton, tobacco and citrus) and livestock (Theron et al., 1991a). 
Natural heavy metal inputs from surrounding geological outcrops may originate from the 
Transvaal Super Group, Bushveld Complex, Waterberg Group and Karoo 'Super Group. 
The Transvaal Super Group on the eastern side of the area consists mainly of dolomite, 
quartzite and shale, with further intrusion by diabase dykes. The Karoo Super Group 
outcrops in three main regions in the study area. The region of concern is in the 
Middelburg and Witbank areas. This extensive outcrop covers approximately 20 per cent 
of the study area and comprises arkosic sandstone, grit, mudstone and numerous coal 
seams. The Waterberg Group consists mainly of coarse-grained, red sedimentary rocks 
commonly termed red beds. This group consists mostly of sandstone and quartzite with 
occasional gritty and pebbly lenses. The intrusion of the Bushveld Complex into older 
Transvaal sediments has resulted in regional metamorphism. Hornfels have developed 
from shales, and commonly contain metamorphic minerals such as the andalusite found 
in the area (Theron et al., 1991c). 
The exposure of aquatic biota to pollutant inputs, especially heavy metals may vary due 
to fluctuations in rainfall patterns. The northern half of B320 falls in the Northern 
Transvaal climatic zone and receives most of its rainfall in summer and weather 
conditions can be described as hot and semi-arid. The Southern half of B320 falls in the 
Highveld climatic zone, experiencing 85 per cent of its rainfall in summer mainly in the 
form of thunderstorms and showers. The main annual rainfall for the sub-catchment is 
approximately 670 mm (Theron et al., 1991a). 
During the study the highest rainfall values were recorded during summer with annual 
mean values 061.3 mm (1990), 64.8 mm (1991), 39.7 mm (1992), 51.4 mm (1993), 39.7 
mm (1994), 58.2 mm (1995) and 82.6 mm (1996) respectively. These values indicate a 
decrease in annual precipitation during the drought period from 1992-1995. 
2.4. Description of the Olifants River - Lowveld Reach (Mamba and Balule) and 
possible sources of heavy metal pollution in this sub-catchment.  
The two sample sites Mamba and Balule fall under Sub-catchment B700 as described by 
Theron et al. (1991a), which covers an area of 12 190 km 2 and extends from the 
confluence of the Mohlapitse River to the border with Mocambique. The Olifants River 
cuts through the Mpumalanga escarpment and is joined by the Steelpoort and Blyde 
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Rivers on its way across Mpumalanga into the Kruger National Park. Several tributaries 
join the Olifants River in this sub-catchment, namely the Mohlapitse and Motse Rivers 
further upstream; the Molomahlapi, Makhutswi, Ga Selati and Klaserie Rivers in the 
central sub-catchment and the Nhlaralumi and Timbavati Rivers further downstream 
(Theron et al., 1991a). 
The first river point sampled, Mamba, which acted as the more polluted site, extends 
from a point where the river enters the Kruger National Park on the western boundary 
close to Mamba, 63-km eastward into the Park. This stretch of the river is characterised 
by a wide channel and a shallow sandy riverbed and stream. Hippo pools are temporary 
and prone to silting up. The riverbank consists of red and brown sand, silt and alluvial 
deposits of weathered rock, and supports sparse shrub growth and is seasonally covered 
by couch grass (Cynodon dactylon). The riverbed consists of sand and gravel interspersed 
with rocky patches where small rapids occur (Van Vuren, Du Preez and Deacon, 1994) 
(See Figure 2.1.). 
The second river point, Balule acted as control and is situated downstream approximately 
18 km east from the end of the first point. The channel becomes braided and forms small 
(5-10m) and occasionally deeper channels between the islands. Dense reed beds, 
fluitjiesriet (Phragmites australis) occur on the islands (Van Vuren et al., 1994). Reed 
beds enable the use of Balule as control, as water downstream from Mamba is purified by 
these beds improving water quality (Biddelstone et al., 1991; Wang and Peverly, 1996) 
(See Figure 2.1.). 
Land use possibly effecting water quality is dominated by mining and industrial activities 
at Phalaborwa and Penge with some urban development and an extensive agricultural 
sector. The Phalaborwa industrial complex, based on phosphate and copper mining, is 
one of three major industrial areas in the Olifants River catchment (Theron et al., 1991a). 
Potential sources of pollution 
Point sources include urban areas (Phalaborwa - water purification and sewage treatment) 
and mining (antimony, gold, phosphate, feldspar, silica, mica, quartsite, copper, 
vermiculite, andalusite, chrome, platinum, asbestos and sand). Non-point sources include 
irrigation and livestock (Theron et al., 1991a). 
The main geological outcrops relevant to the lower Olifants River catchment, which may 
contribute to heavy metal inputs in the aquatic environment are the Rooiberg Group, 
Transvaal Super Group and Karoo Super Group with occasional outcrops of basalts from 
the Basement Complex (Theron et al., 1991a). The Rooiberg Group is comprised of 
shale, sandstone, quartzite, conglomerates and volcanic rock, this group forms part of the 
Bushveld Complex and is restricted to an outcrop in the Groblersdal area (Theron et al., 
1991c). 
Flood and drought episodes result in the exposure of aquatic biota to pollutant inputs at 
varying degrees. B700 falls predominantly in the Lowveld climatic zone, with a warm, 
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humid climate. Rainfall, which occurs for the most part in summer, increases rapidly with 
altitude along the escarpment. The western portion of B700 fall in the Northern Transvaal 
climatic zone with a hot, dry climate; rainfall is confined mainly to summer months and 
is somewhat erratic. The mean annual rainfall for the region is approximately 640 mm, 
but varies a lot, with a mean annual runoff of 300 million m 3 per annum (Theron et al., 
1991a). 
The mean annual rainfall figures recorded in the Phalaborwa area during the study were 
36.6 mm (1990), 15.8 mm (1991), 28 mm (1992), 30.3 mm (1993), 20.2 mm (1994), 43.6 
mm (1995) and 55 mm (1996) respectively with maximum mean values recorded during 
the larger 1996/1997 flood episode. 
2.5. Conditions during sampling:- flood/ drought 
It is important to understand the conditions prevailing during sampling in order to 
correctly assess the impact pollutant inputs may have on the environment. In nature, river 
flooding and moderate soil erosion are normal (DI Digest Idea, 1997). The flow of water 
that streams carry varies from day to day, season to season and year to year (Floodplain 
Management Web Site, 1996). Floods vary in size depending on such things as intensity 
of rain and area over which the rain falls (Floodplain Management Web Site, 1996). Two 
periods of severe flooding were investigated, the first in 1990/1991 was evaluated as 
background to the study and the second in 1996/1997 was studied as substantiation for 
the Health Assessment Index data collected. 
To assess the extent of flooding at the four-sample sites tested, historical flow data was 
collected from the Department of Water Affairs and Forestry. Historical flow data 
establishes a pattern of flow, which can predict future flood events, or categorise 
experienced flood episodes. Using fourty-six years worth of data, the 1990/1991 flood 
period at Bronkhorstspruit Dam was classified as a one in five year flood. The 1996/1997 
flood period was in turn, classified as a one in fourty year flood, with the dryer 1992-
1995 period (drought) experiencing flood events classified as one in three year floods. 
This indicates that this sample site was indeed assessed during two flood and one drought 
period. 
The historical flow data collected at Loskop Dam also in the upper catchment area 
encompassed only eleven years. Using this information however, the 1990/1991 flood 
was again classified as a one in five year flood. The larger 1996/1997 flood was classified 
as a one in ten year flood. The limited information available for this site may have 
skewed the assessment, however the 1996/1997 flood was still seen as a larger flood 
episode when compared to the 1990/1991 wet period. 
In the lower catchment area the two river points were also evaluated. Only Mamba 
provided a large enough data set to work with, and this will be used to assess the flooding 
in this sub-catchment. Using nine years worth of data the 1990/1991 flood was again 
classified as a one in five year flood. The 1996/1997 flood was classified as a one in ten 
years flood with the 1992-1995 flood periods classified as one in two year flood events 
(See Figure 2.1. and 2.2.). 
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Figure 2.1. The Olifants River in flood. 
Figure 2.2. The Olifant.s. River during a period of low flow (drought). 
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Using a more substantial data set taken from a point outside the Kruger National Park, on 
the Olifants River at a point called Liverpool, a better idea of the extent of the larger 
flood is attained. Using thirty-six years worth of data, the 1990/1991 flood was classified 
as a one in five year flood, while the 1996/1997 flood was classified as a one in fifty year 
flood event. 
2.6. Conclusion 
The Olifants River system was chosen as an acceptable location to assess a new bio-
monitoring technique under South African conditions for heavy metal pollutants. This 
catchment area was established as being a polluted system, exposed to heavy metals, 
possibly from both mining and industrial activities. 
During the present study all four-sample sites have been evaluated fOr heavy metal 
pollutants using a bio-monitoring technique, the Health Assessment Index. These results 
have been corroborated using chemical analysis of water, sediment and heavy metal 
concentrations recorded in organs and tissues of 0. mossambicus, B. marequensis and C. 
gariepinus. 
The use of dams and river points enables the evaluation of this bio-monitoring technique 
in various water systems. As the Health Assessment Index was evaluated during the 
1992-1995 drought and 1996/1997 floods this bio-monitoring technique has also been 
assessed during varying environmental conditions. In the following chapters the results 
will be discussed. 
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3.1. Introduction 
Information on the potential pollution of the Olifants River and the effect thereof on 
water quality and river biota is limited (Van Vuren et al., 1994). Little is known about 
pollution by mining, industrial and agricultural activities along the river before it reaches 
the Kruger National Park (Van Vuren et al., 1994). The Olifants River has been 
systematically impacted over the past few years because of increasing agricultural and 
mining activities, industrial development and urbanization (Wates, Meiring and Barnard, 
1992). It is therefore not possible to immediately determine the extent or impact of 
pollution (Van Vuren et al., 1994). 
The Health Assessment Index was evaluated in the Olifants River as bio-monitoring 
system in order to assess the impact of heavy metal pollutants. To determine the effect 
mining activities have had on the system, that is, to establish the extent of the heavy 
metal pollution problem in the areas being tested, water and sediment concentrations 
were assessed for a seven year period (January1990 - January 1997). This period includes 
the drought of 1992-1995 and flood episode from January 1996 to January 1997. These 
represent the intervals evaluated using the Health Assessment Index. The previous 
1990/1991 flood was also evaluated to establish a degree of comparison between flood 
episodes. Water quality variables were collected from the Department of Water Affairs 
and Forestries (DWAF) database for the four-sample sites evaluated by the Health 
Assessment Index. Two dam sites were assessed in the upper catchment area, namely, 
Loskop Dam, which acted as polluted site and Bronkhorstspruit Dam, which acted as 
control. Two river points were assessed in the lower catchment area in the Kruger 
National park namely, Mamba, which acted as polluted site and Balule, which acted as 
control. 
The eight metals discussed here were further tested for in the organs and tissues of fish 
caught during the study, these results will be discussed in the following chapter. Macro 
variables discussed here were chosen after an overview of the DWAF database, and were 
seen to exceed water quality guidelines set for the protection of aquatic life. 
3.2. Methods 
Data was collected from the•Department of Water Affairs and Forestry's database from 
January 199 .0 to January 1997. The following analytical techniques were followed during 
analysis of water and sediment samples. 
Table 3.1. List of selected water variables tested and methods used by the Department of Water Affairs 
and Forestry (1992) during analysis. 
Variables Tested Methods used for water analysis 
pH Microflow pH electrode 
Carbonate (CaCO3) Automated Bromocresol-green method 
Chloride (Cl)" Automated Ferric Thiocyanate method 
Fluoride (F") Ion selective electrode 
Potassium (C) Automated Flame Emission method 
Phosphate (P0 43") Orthophosphate Automated Phosphomolybdate method 
Total Dissolved Salts (TDS) Formula (EC x 6.7) 
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The water samples were further analysed for aluminium (Al), copper (Cu), iron (Fe), 
manganese (Mn), nickel (Ni), lead (Pb), strontium (Sr) and zinc (Zn) concentrations, 
using the Inductively Coupled Plasma Spectrometry method (Department of Water 
Affairs and Forestry, 1992). 
The sediment samples were analysed for aluminium (Al), copper (Cu), iron (Fe), 
manganese (Mn), nickel (Ni), lead (Pb), strontium (Sr), and zinc (Zn) concentrations, 
using HF Aqua Regia digestion (Department of Water Affairs and Forestry, 1992). 
The Health Assessment Index was evaluated during both drought and flood to indicate its 
usability in varying environmental conditions. A comparison of water quality during the 
drought and flood conditions was thus undertaken to determine the possible impact any 
fluctuations in water quality may have had on aquatic biota. 
3.3. Results 
3.3.1. Macro Water Data 
Carbonate (CaCO3) values recorded at Balule and Bronkhorstspruit Dam reached their 
maximum during the drought at 313.0 mg/1 (October 1992) and 130.0 mg/1 (October 
1994) respectively. The maximum value recorded during the drought at Mamba and 
Loskop Dam was 252.0 mg/1 (May 1992) and 45.5 mg/1 (February 1995) respectively. 
The only sample site recording a maximum value within the Target Water Quality Range 
of 20-100 mg/1 was Loskop Dam (Department of Water Affairs and Forestry, 1996b). 
The minimum values recorded during the drought ranged from 28.8 mg/1 (October 1993) 
at Loskop Dam, 72.9 mg/1 (March 1993) at Mamba, 89.2 mg/1 (March 1993) at Balule 
and 99.4 mg/1 (February 1992) at Bronkhorstspruit Dam respectively. 
The minimum CaCO3 values recorded at Balule and Mamba during flood conditions were 
19.0 mg/1 (January 1997) and 81.8 mg/1 (April 1991) respectively. Minimum values of 
56.3 mg/1 (February 1996) and 30.0 mg/1 (July 1996) were recorded at Bronkhorstspruit 
Dam and Loskop Dam respectively. A maximum of 213.7 mg/1 and 220.6 mg/1 was 
recorded during flood conditions at Mamba (November 1990) and Balule (August 1990) 
respectively. The maximum values recorded during flood conditions at Bronkhorstspruit 
Dam (February 1990) and Loskop Dam (June 1990) were 120.2 mg/1 and 48.7 mg/1 
respectively.: 
Throughout the seven-year period, the highest values were recorded during the winter 
months, with a much smaller variance observed at the two more polluted sites, namely 
Loskop Dam and Mamba (See Figure 3.1a, 3.2a, 3.3a, 3.4a). 
pH Values in the upper and lower Olifants River catchment area remained alkaline 
throughout the seven-year study period. South African guideline limits sited for the 
protection of aquatic life by Kempster, Hattingh and Van Vliet (1980) and the 
Department of Water Affairs and Forestry (1996a) of pH 6.5 — 9.0 were only exceeded 
once, during November of 1993 at Mamba with a pH value of 9.2. pH Values recorded at 
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Balule ranged between 6.9 and 8.7 during both drought and flood conditions respectively. 
pH Values recorded at Mamba ranged between 7.6 and 8.7 during flood conditions and 
between 7.7 and 9.2 during the drought. Uniform increases in pH were recorded at the 
control dam site, ranging from 7.0 to 8.5 during the drought and 7.4 to 8.7 during flood 
conditions. The minimum value recorded at Loskop Dam was 7.4 (July 1991). The 
maximum values recorded for each period at Loskop Dam increased from 7.9 during the 
1990/1991 flood to 8.3 during the drought in 1994, to 9.0 during the flood in 1996/1997. 
Alkalinity increased throughout the year reaching its maximum from September to 
November at the two river points, showing no seasonal pattern at the two dam sites (See 
Figure 3.1b, 3.2b, 3.3b, 3.4b). 
Values recorded for chloride (Cl) at Balule and Mamba exceeded the advisable South 
African guideline limit for aquatic life of 50.0 mg/1 (Kempster et al., 1980), only falling 
below the guideline limit each year during the end of summer after the rains. All the 
values however, fell within the Target Water Quality Range of 0.0-600.0 mg/1 
(Department of Water Affairs and Forestry, 1996a). The maximum Cl values were 
recorded at Balule during the drought at 225.8 mg/1 (October 1992) and at Mamba at 
193.1 mg/1 (July 1992) respectively. The minimum value was also recorded at Mamba 
during the drought in March of 1994 at 11.0 mg/l. The minimum value recorded during 
flood conditions at this sample site was 16.0 mg/1 during January of 1997. The minimum 
value recorded at Balule during flood conditions was 13.2 mg/1 (January 1996). 
All the Cl values recorded at Bronkhorstspruit Dam and Loskop Dam fell below the 
South African guideline limit for aquatic life set by Kempster et al. (1980). The minimum 
value of 9.3 mg/1 was recorded at Bronkhorstspruit Dam during the drought in January of 
1993. The minimum value was recorded during flood conditions in April of 1996 at 6.8 
mg/l. The minimum values of 6.1 mg/1 and 5.0 mg/1 were recorded at Loskop Dam 
during February of 1992 (drought) and October of 1996 (flood) respectively. The 
maximum value in the upper catchment area was recorded at Loskop Dam during flood 
conditions in November of 1990 at 19.9 mg/l. The second highest value was also 
recorded at Loskop Dam during the drought in November of 1991 at 19.1 mg/I. The 
maximum value was recorded at Bronkhorstspruit Dam during the drought at 13.3 mg/1 
(July 1993) and during flood conditions at 12.1 mg/1 (February 1991) respectively. 
On the whole most minimum values recorded during the seven-year period at the two 
river points, were recorded at the end of summer to the beginning of winter. The 
maximum values were recorded throughout winter into mid summer. No seasonal trends 
were observed at the two dam sites (See Figure 3.1c, 3.2c, 3.3c, 3.4c). 
Values recorded for potassium (K) exceeded the advisable South African guideline 
limits for aquatic life of 50.00 mg/1 (Kempster et al., 1980). These values were recorded 
during the height of the drought in 1992 at Balule and during 1992 and winter of 1993 
and 1994 at Mamba. Values recorded for K during the drought period at Balule ranged 
between 3.15 mg/1 (March of 1993) and 66.74 mg/1 (October of 1992). The minimum 
value of 2.56 mg/1 observed during March of 1993 and the maximum of 77.78 mg/1 
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during July of 1992 was recorded at Mamba during the drought period. Lower minimum 
and maximum values were recorded during flood conditions for these two sites. 
Minimum and maximum values were recorded at Balule at 2.80 mg/1 (January 1997) and 
33.78 mg/1 (September 1990) respectively. A minimum value of 3.30 mg/1 was recorded 
at Mamba during April of 1991 and a maximum of 48.53 mg/1 during November of 1990 
respectively. The values recorded in the lower catchment area were at their minimum 
during autumn of each year. 
All the values recorded at Bronkhorstspruit Dam and Loskop Dam were well below the 
50.00 mg/1 guideline limit set for aquatic life (Kempster et al., 1980). The maximum 
value was recorded during the drought at Bronkhorstspruit Darn at 6.05 mg/1 (March 
1993). A maximum value was recorded at Loskop Dam at 5.94 mg/1 (September 1995). 
Maximum values during flood conditions were recorded at 5.28 mg/1 (Bronkhorstspruit 
Darn) during July of 1996 and 5.18 mg/1 (Loskop Dam) during June of 1996 respectively. 
The minimum values recorded at Bronkhorstspruit Dam were 4.93 mg/1 during February 
of 1992 (drought) and 3.69 mg/1 during October of 1996 (flood) respectively. The 
minimum values recorded at Loskop Dam were 3.40 mg/1 during October of 1996 (flood) 
and 3.31 during September of 1991 (drought) respectively. No seasonal trends were 
observed in the upper catchment area, with much lower values recorded at 
Bronkhorstspruit Darn and Loskop Darn than those recorded in the lower catchment (See 
Figure 3.1d, 3.2d, 3.3d, 3.4d). 
Total dissolved salts (TDS) were lower at Balule than at Mamba during the flood in 
1990/1991, but higher at Balule as compared to Mamba during the more severe flood in 
1996/1997. During the drought period of 1992-1995 an increase in TDS at both sample 
sites was observed with higher values recorded at Balule. The maximum value was 
recorded at Balule during October of 1992 (drought) at 2113 mg/1 and at Mamba during 
July of 1992 (drought) at 1918 mg/1 respectively. The minimum TDS value was recorded 
at Balule during April of 1991 (flood) at 184 mg/1 and at Mamba during March of 1993 
(drought) at 180 mg/l. The highest values were recorded throughout winter into summer. 
Much lower values were recorded in the upper catchment. The minimum values recorded 
at the control dam were 195 mg/1 during February of 1992 (drought) and 121 mg/1 during 
February of 1996 (flood) respectively. The minimum value recorded at the more polluted 
darn site during the drought was 160 mg/1 (June 1994). During flood conditions 147 mg/1 
was recorded during April of 1991. The maximum value recorded in the upper catchment 
area was. at Loskop Darn during January of 1997 (flood) at 258 mg/l. The maximum 
value recorded at Bronkhorstspruit Darn was 249 mg/1 during October of 1994 (drought) 
(See Figure 3.1e, 3.2e, 3.3e, 3.4e). 
Values recorded for Fluoride (F), exceeded the guideline limit set by Kempster et al. 
(1980) of 1.50 mg/1 during the drought period, 1992, 1993 and 1994 at Balule and 1992 
to the end of 1995 at Mamba. The values recorded in the lower catchment area were 
higher than those recorded in the upper catchment. Minimum and maximum values 
recorded at Loskop Dam and Bronkhorstspruit Dam remained below the Target Water 
Quality Range of 0.75 mg/1 throughout the study (Department of Water Affairs and 
Forestry, 1996b). Minimum and maximum values recorded at Mamba and Balule fall 
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within this range during the 1996/1997 flood, with minimum values recorded during 
drought conditions also falling into this category. 
Values recorded for F during flood conditions at Balule ranged between 0.19 mg/1 (July 
1996) and 1.53 mg/1 (September 1990) respectively. The values recorded at Mamba 
during flood conditions ranged between 0.27 mg/1 (January 1991) and 2.31 mg/1 
(November 1990) respectively. Higher maximum values were recorded during drought 
conditionss at both sample sites, namely, 3.57 mg/I during October of 1993 (Balule) and 
4.18 mg/1 during July of 1992 (Mamba) respectively. Minimum values of 0.23 mg/1 
(March 1993) and 0.35 mg/1 (May 1995) were recorded at Mamba and Balule 
respectively. The lowest values were recorded at Mamba and Balule from mid summer to 
the beginning or mid winter each year (See Figure 3.3f. and 3.40. 
The values recorded at the two dam sites were similar, with maximum values of 0.41 
mg/1 recorded during flood conditions in April of 1990 at Bronkhorstspruit Dam and 0.47 
mg/1 in March of 1990 at Loskop Dam respectively. Higher maximum values were 
recorded during the drought period, with a value of 0.46 mg/1 (December 1993) at 
Bronkhorstspruit Dam and 0.56 mg/1 (June 1992) at Loskop Dam respectively. The 
minimum values recorded at Bronkhorstspruit Dam during the drought and flood 
conditions were 0.24 mg/1 (February 1992) and 0.18 mg/1 (October 1996) respectively. 
The minimum value recorded at Loskop Dam was 19.00 mg/1 during both flood and 
drought conditions, during July of 1991 (flood) and May of 1992 (drought) respectively. 
No seasonal trends were observed at the two dam sites (See Figure 3.1f. and 3.2f). 
Orthophosphate values exceeded the natural levels of 0.010-0.050 mg/I prescribed by 
the Canadian water quality guidelines (1992). Likewise values recorded at Mamba 
exceeded the Target Water Quality Range of 0.100 mg/1 (Department of Water Affairs 
and Forestry, 1996b). The maximum value recorded at Mamba during the drought was 
0.165 mg/1 (February 1993) with 0.072 mg/1 (November 1990) during flood conditions. 
The maximum value recorded at Balule during the drought was 0.077 mg/1 (January 
1995) with 0.031 mg/1 (January 1997) during flood conditions. A minimum value was 
recorded at Balule below the detection limit of 0.005 mg/l, during January and February 
of 1993 (drought) and at 0.006 mg/1 during June of 1990 (flood) respectively. The 
minimum value recorded at Mamba was 0.007 mg/1 (June 1990) during flood conditions, 
with 0.010 mg/1 (October 1992) during the drought respectively (See Figure 3.3g and 
3.4g). 
The maximum value recorded at Loskop Dam was the only value that fell above the 
natural limit of 0.050 mg/1 set by the Canadian water quality guidelines (1992) at 0.590 
mg/1 (February 1995) during the drought. This value also falls above the Target Water 
Quality Range of 0.100 mg/1 (Department of Water Affairs and Forestry, 1996b). The 
maximum value recorded during flood conditions at this site was 0.020 mg/1 during June 
of 1991 and June of 1996 respectively. The maximum values recorded at the control dam 
site were 0.072 mg/1 (August 1996) during flood conditions and 0.034 mg/1 (August 
1993; July 1994) during the drought respectively. Minimum values were recorded at both 
dam sites during the 1990/1991 and 1996/1997 floods, below the detection limit of 0.005 
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mg/1 respectively. These values were recorded at Loskop Dam from February to May of 
1990, from July to October of 1990 and during August of 1991 and October of 1996 
respectively. At Bronkhorstspruit Dam values were recorded below the detection limit 
during February, March and May of 1990 respectively. Minimum values were also 
recorded below the detection limit during the drought at Loskop Dam, during March, 
April, August and October of 1992 and during September of 1994 respectively. A 
minimum value was recorded during the drought at Bronkhorstspruit Dam during April 
of 1993 at 0.011 mg/1 (See Figure 3.1g and 3.2g). 
3.3.2. Metals in water (mg/1) 
The recommended South African water quality guideline for aluminium, set for the 
protection of aquatic life, is a concentration between 0.100 mg/1 and 1.500 mg/1 
(Kempster et al., 1980). Aluminium was sampled for the first time in June of 1993, 
values were recorded below the minimum required guideline limit at 0.021 mg/1 
(Mamba) and 0.027 mg/1 (Balule) respectively. These values also fall within the Target 
Water Quality Range set for aquaculture at 0.030 mg/1 (Department of Water Affairs 
and Forestry, 1996a) but fall above the Target Water Quality Range set for aquatic 
ecosystems at 0.005 mg/1 (Department of Water Affairs and Forestry, 1996a). During 
1994 the first values recorded above the 0.020 mg/1 detection limit were 0.059 mg/1 and 
0.143 mg/1 during July with the value at Balule falling above the 0.100 mg/1 minimum 
limit set by Kempster et al. (1980). Values steadily increased during the height of the 
drought in 1994. The two readings obtained during the following year 1995 fall above the 
maximum guideline limit of 1.500 mg/l. The values recorded during 1995 at Mamba 
were 2.538 mg/1 (February) and 3.120 mg/1 (May) respectively. The values recorded at 
Balule during the same period were 2.158 mg/1 (February) and 3.183 mg/1 (May) 
respectively. During the 1996/1997 flood values decreased to below the minimum 
required limit at 0.062 mg/1 (Mamba) and 0.045 mg/1 (Balule) during January of 1997 
respectively (See Figure 3.7a and 3.8a). 
Values recorded at Loskop Dam were close to or at the 0.020 mg/1 detection limit, 
throughout the seven-year study period. The only values recorded within the 
recommended water quality guidelines, set by Kempster et al. (1980) were recorded 
during the drought. That is, February, May and August of 1994 at 0.228 mg/1, 0.573 mg/1 
and 0.312 mg/1, during May -of 1995 at 1.337 mg/1 and October of 1996 at 0.265 mg/1 
respectively. No values fell above the maximum guideline limit of 1.500 mg/l. Only one 
reading was taken at Bronkhorstspruit Dam during the drought. This reading fell within 
the water quality guidelines at 0.143 mg/1 (October 1993). During the 1996/1997 flood at 
Bronkhorstspruit Dam, only one value was recorded above the guideline limit at 2.050 
mg/1 (October 1996). The following recorded value however, fell below the detection 
limit of 0.020 mg/1 (January 1997) (See Figure 3.5a and 3.6a). 
The only values recorded for copper that exceeded the guidelines set at 0.005mg/1 as 
minimum limit and 0.200 mg/1 as maximum limit by Kempster et al. (1980) were 
recorded at Loskop Dam. The only values recorded at Loskop Dam that fell within the 
guidelines set were 0.007 mg/1 (August 1994), 0.010 mg/1 (May 1995) and . 0.022 mg/1 
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(July 1996) respectively. Values were recorded at Loskop Dam below the minimum limit 
at 0.004 mg/1 during February and March of 1994 (drought) and at < 0.002 mg/1 during 
April and October 1996 and during January of 1997 (flood) respectively. All but one of 
the values recorded at Bronkhorstspruit Dam were below the detection limit of 0.002 
mg/1 at 0.041 mg/1 (July 1996) during flood conditions (See Figure 3.5b and 3.6b). 
All the values recorded in the lower Olifants River catchment area fell within or below 
the water quality guidelines as set by Kempster et al. (1980). A maximum value of 0.100 
mg/1 was recorded during June of 1990 (flood) at Mamba and Balule respectively. 
Values were recorded below the guideline limits at both sample sites during 1993 
(drought), most of 1994 (drought) and during the 1996/1997 flood. These values were all 
recorded as < 0.002 mg/l. The values recorded below the detection limit for this metal i.e. 
< 0.002 mg/1, were the only instances when the Target Water Quality Range set for 
aquaculture at 0.005 mg/1 were met (Department of Water Affairs and Forestry, 1996a) 
(See Figure 3.7b and 3.8b). 
The maximum value recorded for iron was recorded at Balule during the 1990/1991 
flood at 129.240 mg/1 (December 1990). This value is above the 1.000 mg/1 maximum 
limit set by Kempster et al. (1980) as a guideline for aquatic health, as well as the Target 
Water Quality Range set for aquaculture at 0.010 mg/1 (Department of Water Affairs and 
Forestry, 1996a). Maximum values recorded at Balule slowly decreased throughout the 
study. The maximum value was recorded at Mamba during the drought at 88.800 mg/1 
(February 1992). A value of 96.600 mg/1 was recorded at Balule during the same period. 
Values decreased further during the drought in 1993 and 1994, to below the detection 
limit of 0.003 mg/1, these values fall short of the minimum limit set by Kempster et al. 
(1980) at 0.200 mg/l. The maximum values recorded during the 1996/1997 flood 
decreased to 0.583 mg/1 (July 1996) at Mamba and 0.315 mg/1 (July 1996) at Balule 
respectively. The minimum value recorded at Mamba was 0.026 mg/1 (January 1997) 
with 0.010 mg/1 (January 1997) at Balule during the same period (See Figure 3.7c and 
3.8c). 
Values recorded above the maximum guideline limit at Bronkhorstspruit Dam were 1.971 
mg/1 and 1.493 mg/1 during July and October of 1996 (flood) respectively. This value 
indicates an increase in maximum concentrations when compared to the maximum value 
of only 0.131 mg/1 (October 1993) recorded during the previous drought. At Loskop Dam 
values above. 1.000 mg/1 were recorded during February and May of 1994 at 1.010 mg/1 
and 1.600 mg/1 respectively and during May of 1995 at 1.650 mg/1 (drought) respectively. 
Values decreased at Loskop Dam from drought into flood, recording a maximum of -
0.403 mg/1 (October 1996) during the 1996/1997 flood (See Figure 3.5c and 3.6c). 
Most of the values recorded for manganese at all four-sample sites were within or below 
the water quality guideline range of 0.100 mg/1 to 1.000 mg/1 as set by Kempster et al. 
(1980), and within the Target Water Quality Range of 5 0.180 mg/1 (Department of 
Water Affairs and Forestry, 1996b). Values recorded in the lower catchment area were 
higher than those in the upper catchment. Only two values were recorded at Loskop Dam 
above the minimum limit set by Kempster et al. (1980). A value of 1.015 mg/1 was 
23 
Chapter 3. 	 Water and Sediment 
recorded during the height of the drought (September 1994) and 0.267 mg/1 during the 
larger 1996/1997 flood (April 1996). Values recorded at the control dam site were low, 
reaching their maximum at 0.030 mg/1 during October of 1996 (flood). Minimum values 
were recorded below the detection limit of 0.001 mg/1 at both dam sites during both flood 
and drought conditions. The maximum values recorded each year in the lower catchment 
were close to or exceeded the 0.100 mg/1 and 0.180 mg/1 limits set by Kempster et al. 
(1980) and the Department of Water Affairs and Forestry (1996b) respectively. 
Maximum values decreased substantially during the larger 1996/1997 flood. Maximum 
values were recorded at 0.583 mg/1 (July 1996) and 0.315 mg/1 (July 1996) at Mamba and 
Balule respectively. Only one value exceeded the maximum limit of 1.000 mg/1 set by 
Kempster et al. (1980), that is, 3.500 mg/1 recorded at Balule during December of 1990 
(flood). A minimum value recorded during flood conditions at Balule was 0.010 mg/1 
(February 1991 and January 1997) and at Mamba at 0.020 mg/1 (October 1990) 
respectively. Values below the detection limit of 0.001 mg/1 were recorded at both sites 
during the drought namely, during June of 1993, May and July of 1994 at Mamba and 
Balule and during November of 1994 at Balule respectively (See Figure 3.5d, 3.6d, 3.7d 
and 3.8d). 
In the upper Olifants River catchment area nickel concentrations were either recorded 
above 0.050 mg/1 or below 0.025 mg/1, values set as the water quality guideline limits for 
the protection of aquatic life (Kempster et al., 1980). The maximum values were recorded 
during the drought at 0.304 mg/1 (May 1994) at Loskop Dam and at 0.007 mg/1 (October 
1993) at Bronkhorstspruit Dam respectively. The minimum value of < 0.006 mg/1 was 
recorded at Loskop Dam during October and November of 1993, October of 1994 and 
February of 1995 during the drought. Minimum values were also recorded below the 
detection limit during flood conditions at Loskop Dam during April of 1991, July and 
October of 1996 and January of 1997 respectively. A maximum value of 0.007 mg/1 was 
recorded at Loskop Dam during the 1996/1997 flood (April). All the values recorded at 
Bronkhorstspruit Dam during the 1996/1997 flood were below the detection limit of < 
0.006 mg/1 (See Figure 3.5e and 3.6e). 
At the two river points values were recorded above the maximum limit during the 
1990/1991 flood and during the end of the drought in 1994/1995. The maximum value 
recorded during flood conditions at Mamba was 0.420 mg/1 (June 1990), with 0.690 mg/1 
recorded at Balule during December of the same year. A maximum value of 0.169 mg/1 
(May 1995) and 0.193 mg/1 (August 1994) was recorded at Mamba and Balule during the 
drought. The minimum values recorded at both river points during the drought and flood 
conditions were < 0.006 at Mamba (January 1992, June 1993, May and November 1994, 
July 1996 and January 1997) and Balule (October 1991, January 1992, June 1993, May 
and November 1994, January 1997) respectively (See Figure 3.7e and 3.8e). 
Concentrations recorded for lead should not exceed 0.100 mg/1 with a minimum limit of 
0.020 mg/1 (Kempster et al., 1980). Values exceeding the maximum limit were 
predominantly recorded in the lower Olifants River catchment area during the 1990/1991 
flood, and at the end of the drought in 1995. The maximum value recorded during flood 
conditions at Mamba was 0.600 mg/1 (August 1990) with 0.480 mg/1 recorded at Balule 
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(June 1990). The minimum values recorded at both sample sites during flood conditions 
were < 0.015 mg/1 during July of 1996 and January of 1997 respectively. The maximum 
values recorded during the drought were 0.206 mg/1 (May 1995) and 0.184 mg/1 
(February 1992) at Mamba and Balule respectively. Minimum values below the detection 
limit were recorded at both sample sites during June of 1993, February, May, July and 
November of 1994 (drought) respectively (See Figure 3.7f and 3.80. 
In the upper catchment area only three values were recorded above the detection limit of 
0.015 mg/l. These values were all recorded during the drought at Loskop Dam at 0.041 
mg/1 (May 1994), 0.025 mg/1 (August 1994) and 0.144 mg/1 (May 1995) respectively 
(See Figure 3.5f and 3.60. 
None of the values recorded for strontium in the upper or lower Olifants River 
catchment area were close to the water quality guideline limit set by Kempster et al. 
(1980) at 200.000 mg/l. The maximum value recorded at Loskop Dam was during the 
flood conditions in April of 1991 at 1.009 mg/l. The minimum value recorded during 
flood conditions was 0.111 mg/1 (July 1996). During flood conditions at the control dam 
site a maximum value of 0.067 mg/1 was recorded during January of 1997 with a 
minimum value of 0.055 mg/1 during April of 1996 respectively. The only value recorded 
at the control dam site during the drought was 0.088 mg/1 (October 1993). The minimum 
value recorded during the drought at Loskop Dam was 0.097 mg/1 (February 1995), with 
a maximum value of 0.314 mg/1 during October of the previous year (See Figure 3.5g and 
3.6g) 
The minimum value recorded at Mamba during flood conditions was 0.080 mg/1 (October 
1991) with a maximum value of 0.252 mg/1 (July 1996) respectively. The minimum 
value of 0.159 mg/1 was recorded at Balule during flood conditions (January 1997), with 
a maximum value of 0.860 mg/1 (October 1991) respectively. During the 1992-1995 
drought in the lower catchment area a minimum value of 0.130 mg/1 (January 1992) was 
recorded at Mamba, with a minimum of 0.162 mg/1 (February 1994) at Balule 
respectively. Maximum values of 2.967. mg/1 (July 1994) and 2.235 mg/1 (July 1994) 
were recorded at Mamba and Balule during drought conditions respectively (See Figure 
3.7g and 3.8g). 
Concentrations recorded for zinc were elevated during flood conditions at all four-sample 
sites, and during the end of the drought in 1995 at the two river points. Maximum values 
exceeded the maximum guideline limit set by Kempster et al. (1980) at 0.030 mg/1 with 
minimum values falling below the minimum limit of 0.100 mg/l. The maximum values , 
were recorded during flood conditions at 3.840 mg/1 (June 1990), 1.540 mg/1 (April 
1990), 0.157 mg/1 (April 1991) and 0.141 mg/1 (October 1996) at Mamba, Balule, Loskop 
Dam and Bronkhorstspruit Dam respectively. The minimum values recorded during flood 
conditions varied from 0.006 mg/1 at Loskop Dam (January 1997), to 0.010 mg/1 at 
Bronkhorstspruit Dam and Mamba (January 1997), to 0.011 mg/1 at Balule (January 
1997) respectively. The minimum values recorded at all four-sample sites during the 
drought fell below the detection limit of 0.003 mg/1 respectively. These values were 
recorded during October and November of 1993, October of 1994 and February of 1995 
25 
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Chapter 3. 	 Water and Sediment 
at Loskop Dam, during October of 1993 at Bronkhorstspruit Dam, during June of 1993 
and May and July of 1994 at Mamba and Balule and during February of 1994 at Balule 
respectively. The maximum values recorded during the drought were 0.170 mg/1 (May 
1994) at Loskop Dam, 0.302 mg/1 (February 1995) at Mamba and 0.255 mg/1 (May 1995) 
at Balule respectively (See Figure 3.5h, 3.6h, 3.7h and 3.8h). 
3.3.3. Metals in sediment (mg/I) 
Concentrations recorded for aluminium in the sediment were higher during the drought, 
with a maximum value of 139.46 mg/1 recorded at Balule during February of 1994. The 
maximum value recorded at Mamba was 66.27 mg/1 (May 1994). The maximum value 
recorded at Balule during flood conditions was 52.61 mg/1 (January 1997) with 52.94 
mg/1 at Mamba during the same period. The minimum values recorded at Mamba were 
25.70 mg/1 (May 1995) and 20.86 mg/1 (July 1996) during the drought and flood 
conditions respectively. Minimum values of 15.48 mg/1 and 1.90 mg/1 were recorded 
during July of 1996 (flood) and February of 1995 (drought) at Balule respectively (See 
Figure 3.11a and 3.12a). 
The maximum value recorded at Loskop Dam was 88.76 mg/1 during May of 1995 
(drought) with a minimum during flood conditions in July of 1996 at 18.79 mg/1 
respectively. The maximum value recorded at Loskop Dam during flood conditions was 
42.55 mg/1 (January 1997) with a minimum value during the drought at 34.82 mg/1 
(November 1994). The minimum and maximum values recorded at Bronkhorstspruit 
Dam were 25.08 mg/1 (July 1996) and 52.68 mg/1 (January 1997) respectively. Values 
are only available for the flood of 1996/1997 at Bronkhorstspruit Dam thus no flood 
drought comparison can be made for any of the metals tested for in the sediment at this 
sample site (See Figure 3.9a and 3.10a). 
The concentrations recorded for copper in the sediment fell to their lowest during the 
1996/1997 flood with values below the detection limit of 0.002 mg/1 at all four-sample 
sites. These values were recorded at Loskop Dam during January of 1997, at 
Bronkhorstspruit Dam during July of 1996, at Mamba during January of 1997 and at 
Balule during July of 1996 and January of 1997 respectively. Minimum values recorded 
during drought conditionss were 0.059 mg/1 (May 1995) at Loskop Dam, 0.017 mg/1 
(January 1992) at Mamba and 0.010 mg/1 (November 1994) at Balule respectively. The 
maximum values recorded during drought conditionss were 0.290 mg/1 at Balule (July 
1993), with 0.126 mg/1 (August 1994) at Mamba and 0.164 mg/1 (November 1994) at 
Loskop Dam respectively. A maximum value of 0.022 mg/1 was recorded at 
Bronkhorstspruit Dam during October of 1996 (flood), with 0.026 mg/1 (October 1996) as 
maximum value during flood conditions at Loskop Dam. The highest values were 
recorded during the 1990/1991 floods in the lower catchment with maximum values of 
0.035 mg/1 (August 1990) at Mamba and 0.070 mg/1 (June 1991) at Balule respectively 
(See Figure 3.9b, 3.10b, 3.11b and 3.12b). 
Concentrations recorded for iron in the sediment were high throughout the study at all 
four-sample sites. The values recorded increased during the drought but decreased again 
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during the 1996/1997 flood. The maximum values were recorded during the drought in 
May of 1995, February of 1995 and July of 1994 at 69.498 mg/1, 64.698 mg/1 and 76.750 
mg/1 at Loskop Dam, Mamba and Balule respectively. No readings are available for 
Bronkhorstspruit Dam during drought conditionss. The minimum value was recorded at 
Loskop Dam at 15.120 mg/1 during July of 1996 (flood), with 27.040 mg/1 recorded 
during April of 1996 (flood) at Bronkhorstpruit Dam. The minimum was value recorded 
at Mamba at 8.223 mg/1 during April of 1991 (flood) with 2.034 mg/1 at Balule during 
June of the same year. The minimum values recorded during the drought were 28.380 
mg/1 (November 1994), 9.480 mg/1 (February 1992) and 9.380 mg/1 (February 1992) at 
Loskop Dam, Mamba and Balule respectively. The maximum values recorded during 
flood conditions were 30.030 mg/1 (January 1997), 32.920 mg/1 (October 1996), 30.050 
mg/1 (April 1990) and 65.331 mg/1 (April 1991) at Loskop Dam, Bronkhorstspruit Dam, 
Mamba and Balule respectively (See Figure 3.9c, 3.10c, 3.11c and 3.12c). 
The maximum concentration recorded for manganese in the sediment at Loskop Dam 
during the drought was 0.686 mg/1 (February 1995), with a minimum value of 0.227 mg/1 
(November 1994) respectively. The maximum value recorded during the 1996/1997 flood 
at this sample site was 0.515 mg/1 (April) with a minimum of 0.021 mg/1 (July). A 
maximum value of 0.375 mg/1 was recorded at Bronkhorstspruit Dam during October of 
1996 with a minimum value of 0.222 mg/1 during April of the same year. No readings 
were taken during the drought at this sample site, making comparison of drought and 
flood conditions difficult. In the lower catchment area the maximum values were 
recorded during May of 1994 (drought) at 1.600 mg/1 and during July of 1994 (drought) 
at 1.190 mg/1 at Mamba and Balule respectively. A minimum value during drought 
conditions was recorded at Balule during January of 1992 at 0.045 mg/1 with 0.057 mg/1 
recorded at Mamba during the same period. Values recorded during flood conditions 
ranged from 0.110 mg/1 (October 1990) to 0.508 mg/1 (July 1996) at Mamba, and from 
0.110 mg/1 (October 1990) to 1.078 mg/1 (June 1991) at Balule respectively (See Figure 
3.9d, 3.10d, 3.11d and 3.12d). 
Concentrations recorded for nickel in the sediment at Loskop Dam decreased during the 
1996/1997 flood. A maximum value of 0.099 mg/1 was recorded during the drought 
(February 1994) decreasing to 0.065 mg/1 during the flood (April 1996). The minimum 
value recorded at Loskop Dam during the drought was 0.060 mg/1 (November 1994) with 
< 0.006 mg/1 (July 1996) during flood conditions. The maximum value recorded at the 
control dam site was 0.079 mg/1 (October 1996) with a minimum of 0.015 mg/1 (April 
1996). No readings are available at this site during the drought. Much higher values were 
recorded in the lower catchment area as compared to the two dam sites. The maximum 
value recorded at Mamba was 0.225 mg/1 during July of 1994 (drought), with a minimum 
of < 0.006 mg/1 during the 1996/1997 flood (July). The maximum value recorded during 
flood conditions at Mamba was 0.100 mg/1 (June 1990). The minimum value recorded 
during the drought at Mamba was 0.045 mg/1 (January 1992). The maximum value 
recorded during the drought at Balule was 0.155 mg/1 (February 1992) with a minimum 
value of 0.015 mg/1 (February 1992) respectively. The values recorded during flood 
conditions at Balule ranged from 0.017 mg/1 (October 1991) to 0.152 mg/1 (April 1990) 
respectively (See Figure 3.9e, 3.10e, 3.11e and 3.12e). 
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The majority of the values recorded for lead in the sediment were below the detection 
limit of 0.015 mg/l. No values were recorded above this level at Bronkhorstspruit Dam, 
with the only values above this level recorded at the control river point. These values 
were observed during the 1990/1991 flood with a maximum of 0.053 mg/1 (December 
1990). The maximum value recorded at Loskop Dam was 0.061 mg/1 during May of 
1995 (drought), with all the values recorded during flood conditions at this sample site 
remaining below 0.015 mg/l. A maximum value of 0.046 mg/1 was recorded at the more 
polluted river point during April of 1990 (flood). A value of 0.030 mg/1 was recorded at 
this site as maximum value during drought conditions in August of 1994 (See Figure 3.9f, 
3.10f, 3.11f and 3.12f). 
In the lower Olifants River catchment area the strontium concentrations recorded, 
increased substantially during the drought. Maximum values of 0.100 mg/1 (August 1990) 
and 0.088 mg/1 (August 1990) were recorded during the 1990/1991 flood at Mamba and 
Balule respectively, the maximum values recorded during the drought then increased to 
0.998 mg/1 (May 1994) and 0.633 mg/1 (May 1994) respectively. The minimum values 
were recorded at 0.034 mg/1 (April 1991) and 0.011 mg/1 (December 1990) at Mamba 
and Balule during flood conditions. A minimum value of 0.065 mg/1 (January 1992) was 
recorded at Mamba and 0.061 mg/1 (January 1992) at Balule during the drought 
respectively. Minimum values below the detection limit of 0.001 mg/1 were recorded at 
the two dam sites in July of 1996 (flood), with maximum values of 0.032 mg/1 (January 
1997) and 0.077 mg/1 (April 1996) during flood conditions at Loskop Dam and 
Bronkhorstspruit Dam respectively. No readings were taken for strontium at Loskop Dam 
or Bronkhorstspruit Dam during the drought (See Figure 3.9g, 3.10g 3.11g and 3.12g). 
Much higher minimum and maximum zinc concentrations were recorded during flood 
conditions in the catchment, with minimum values of < 0.003 mg/1 (July 1996), 0.009 
mg/1 (July 1996), 0.007 mg/1 (April 1991) and 0.018 mg/1 (December 1990), recorded at 
Loskop Dam, Bronkhorstspruit Dam, Mamba and Balule respectively. Maximum values 
were recorded during flood conditions at Loskop Dam at 0.071 mg/1 (January 1997), at 
Bronkhorstspruit Dam at 0.046 mg/1 (October 1996), at Mamba at 0.101 mg/1 (June 1990) 
and at Balule at 0.091 mg/1 (June 1990) respectivley. During the drought maximum 
values increased to 0.342 mg/1 (May 1995) at Loskop Dam with a minimum value 
recorded at 0.112 mg/1 (November 1994) respectively. Values ranged between 0.008 mg/1 
(February 1992) and 0.348 mg/1 (May 1994) at Mamba during drought conditions, with a 
minimum value recorded at Balule at 0.032 mg/1 (January 1992) with 0.280 mg/1 (July 
1994) as maximum value (drought) respectively (See Figure 3.9h, 3.10h, 3.11h and 
3.12h). 
3.4. Discussion  
3.4.1. Macro Variables  
Total Hardness (CaCO 3 and pH) 
The chemical composition of rocks and soil strongly influences the natural alkalinity of 
water, which can range from very low values, to several hundred mg/1 CaCO3. For 
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Chapter 3. 	 Water and Sediment 
surface waters, pH values typically range between 4.0 and 11.0. Most fresh waters, in 
South Africa, are relatively well buffered and more or less neutral, with pH ranges 
between 6.0 and 8.0 (Department of Water Affairs and Forestry, 1996a). Throughout the 
study pH values at all four-sample sites ranged between 7.0 and 9.0 indicating an alkaline 
environment. However these four-sample sites can still be seen as relatively well buffered 
even though CaCO 3 values appear to be variable when upper and lower catchment areas 
are compared. 
Values recorded for CaCO3 were high with higher values recorded in the lower Olifants 
River catchment as compared to the upper catchment area. This aids in interpretation of 
the environmental impact elevated heavy metal concentrations may have had in the lower 
catchment. Often higher metal values were recorded in the lower catchment. Highly 
soluble carbonates are released into the catchment due to dolomite deposits, which form 
part of the Transvaal Super Group extending throughout the catchment (Theron et al., 
1991 a,b,c). The positioning and size of these formations in the upper and lower 
catchments explains the differences observed between CaCO3 concentrations at the four 
sites studied. 
Above pH 5.0 the acidity of carbonic acid potentially has a large effect on total acidity 
because of the increasing solubility of carbon dioxide as pH increases. The pH is 
therefore regulated; increasing pH promotes the formation of acidic products, while 
decreasing pH promotes the dissociation of basic ions (Department of Water Affairs and 
Forestry, 1996b). Recorded pH values ranged between 7.0 and 9.0 at all four-sample 
sites providing for the increased solubility of carbon dioxide due to the effect of the 
carbonic acids present, more so in the lower catchment area. Uniform increases in pH 
were observed, increasing during spring and summer each year at the two river points. 
This may indicate a decreased regulation of pH due to the dilution effects caused by the 
summer rains, this statement can be substantiated by correspondingly higher CaCO3 
concentrations recorded during the winter months. Hard water rich in bicarbonate 
undergoes massive epilimnetic decalcification during summer stratification periods of 
active photosynthesis (Wetzel, 1975). The solubility product of CaCO 3 is also low (0.48 x 
10-8), and CaCO3 can start precipitating from calcareous waters when pH is sufficiently 
high in uniformly buffered systems (Wetzel, 1975). This seems like the more likely 
option as substantial decreases in CaCO3 concentrations were observed during the floods 
in 1990/1991 and 1996/1997 with, no changes in seasonal fluctuations observed for pH at 
either of the four-sample sites. 
Elevated pH values can be caused by increased biological activity in eutrophic systems 
(Department of Water Affairs and Forestry, 1996b). This could have been the case at 
Loskop Dam which is described as an eutrophic system (Butty, Walmsley and Alexander, 
1980). However no changes were observed in annual pH fluctuations during flooding 
when eutrophic conditions increased. 
Alkalinity can be neutralised in rivers, dams and ground waters by acid inputs from 
mining or industrial activities, and atmospheric pollution (Department of Water Affairs 
and Forestry, 1996a). The extent of the mining activity in the catchment varies, with coal 
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mining in the upper catchment and copper and phosphate mining in the lower catchment 
area (Theron et al., 1991a). The pH remained stable at all four-sample sites with less 
variation between minimum and maximum values recorded at the more polluted sites i.e. 
Mamba and Loskop Dam. This may well indicate a relationship between increased 
mining activities and stable pH values, that is, a "neutratisation" or stability in the 
buffering effect. 
Alkalinity indirectly affects the speciation of metal and the formation of metal complexes 
and hence, the bio-availability of metals. In alkaline waters with sufficient alkalinity, 
some metals form relatively non-toxic hydroxide and carbonate precipitates, and 
dissolved carbonate and bicarbonate complexes (Department of Water Affairs and 
Forestry, 1996a). Alkalinity throughout the seven-year study period remained constant 
with higher values recorded in the lower catchment area when compared to the upper 
catchment and higher values recorded at the control sites when compared to the 
corresponding polluted sites. This suggests that metal bio-availability and thus the threat 
to aquatic life remained constant. 
Apart from affecting the speciation and solubility of various metal species, pH is also 
believed to modify the bio-accumulation of metals in fish tissue (McDonald, Reader and 
Dalziel, 1989). Fish can survive in a wide pH range from 3.5-11.0, with the acceptable 
pH range for most fish species between 6.0 and 7.0 (Abel, 1989). Consequently pH 
ranging between 5.0-9.0 is not directly lethal to fish, however, the toxicity of various 
pollutants are markedly affected by pH fluctuations in this range, and increasing acidity 
or alkalinity makes these pollutants more toxic (Alabaster and Lloyd, 1980). The South 
African guideline range for the protection of aquatic life is pH 6.0-9.0 (Kempster et al., 
1980), only one value fell outside this limit at 9.19 recorded at Mamba during the 
drought. This is possibly due to the limited dilution effect during the drought. 
Total dissolved solids (TDS) 
Rising TDS reduce the solubility properties of metals, thus acting as a buffer through 
adsorption, precipitation and ionic interference (Forstner, 1979). TDS concentrations at 
the two dam sites remained constant, with similar minimum and maximum values 
recorded each year. TDS values recorded at the two river points fluctuated. TDS 
concentrations depend on physical processes such as evaporation and rainfall. The TDS 
concentrations are generally low in rainwater, less than 1 mg/1 (Department of Water 
Affairs and Forestry, 1996b). Values increased each year at the two river points during 
the winter months decreasing again during the rainy season with higher values recorded-
during the drought. This indicates the influence the dilution effect had on TDS recorded 
at the two river points. 
The individual ions making up the TDS exert physiological effects on aquatic organisms 
(Department of Water Affairs and Forestry, 1996b). Profound effects can be expected 
from large influxes of TDS due to excess runoff during periods of heavy rain (floods) or 
due to sudden releases from storage facilities containing high TDS, such as the 
Phalaborwa Barrage (CSIR, 1990). This is of great concern in the lower Olifants River 
C 
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catchment where periodic releases of TDS from the Phalaborwa Barrage causes decreases 
in oxygen levels and gill clogging of fish, resulting in mortalities of fish downstream 
(B eurmann, 1994). 
The rate and duration of change in TDS concentration, appears to be more important than 
absolute changes, particularly in systems where organisms may not be adapted to 
fluctuating TDS levels (Department of Water Affairs and Forestry, 1996b). This should 
be of concern at the two river points, which are exposed to seasonal as well as unnatural 
changes in TDS, due to annual rainfall having a dilution effect and releases from the 
Phalaborwa Barrage upstream. The Target Water Quality Range set by the Department of 
Water Affair and Forestry (1996b) for all inland waters stipulates that TDS 
concentrations should not be changed by > 15 % from normal cycles of the water body 
under unimpacted conditions at any time of the year. This included any changes in 
amplitude and frequency of natural cycles (Department of Water Affairs and Forestry, 
1996b). These criteria do not apply at the two river points where > 50 % increases in TDS 
concentrations were observed during the study period. 
Salts accumulate as water moves downstream because they are continuously being added 
through natural and anthropogenic sources whilst very little is removed by precipitation 
or natural processes (Department of Water Affairs and Forestry, 1996b). This was the 
case during the 1996/1997 flood were the maximum TDS concentrations were recorded 
at Balule followed by Mamba, Loskop Dam and Bronkhorstspruit Dam. A similar order 
was recorded during the drought with marginally higher values recorded at Loskop Dam 
when compared to Bronkhorstspruit Dam. This may be due to the fact that Loskop Dam 
is an eutrophic system as compared to the mesotrophic system at the control dam site. 
This results in a build up of salts during this period of reduced rainfall, which minimises 
the dilution effect observed during the floods. The above mentioned trend was not 
observed during the 1990/1991 flood. 
Potassium 
Potassium is an essential element for life. In large doses potassium is toxic, and disturbs 
the electrolyte balance in aquatic organisms (Kempster et al., 1980). Maximum values 
above the 50 mg/1 maximum limit set by Kempster et al. (1980) and the Department of 
Water Affairs and Forestry (1996c) were recorded at the two river points during the 
drought. These values were not excessive but drought periods could pose a problem in 
future if anthropogenic inputs increased. 
Potassium is ubiquitous in the environment. Common potassium-containing minerals are 
the feldspars and micas, and potassium is also found in association with sodium in many 
minerals. Typically concentrations of potassium in fresh water are within the range of 2-5 
mg/1 (Department of Water Affairs and Forestry, 1996c). This is the general range 
recorded for potassium in the upper catchment area with maximum values marginally 
exceeding 5 mg/1 during the drought and again during the flood in 1996/1997. This may 
indicate limited addition of potassium to the upper catchment due to anthropogenic 
inputs. Much higher values were recorded for potassium in the lower catchment area. 
39 
I Chapter 3. 	 Water and Sediment 
According to Theron et al. (1991a) both feldspar and mica mining activity takes place in 
this sub-catchment. This may explain high potassium concentrations recorded at the two 
river points, either due to leachate or runoff from mining areas, or due to naturally high 
levels present as a result of precipitation from surrounding geological outcrops. 
Chloride 
Chloride is an anion of the element chlorine. Chlorine does not occur in nature, but is 
found only as chloride. The chlorides of sodium, potassium, calcium and magnesium are 
all highly soluble in water (Department of Water Affairs and Forestry, 1996c). Chloride 
values recorded in the upper Olifants River catchment were quite low, higher values were 
recorded in the lower catchment area particularly during flood conditions. Sodium, 
potassium, calcium and magnesium concentrations were higher in the lower catchment 
area, with lower values recorded during flood conditions at all four-sainple sites. As 
recorded chloride concentrations did not follow the same trends observed for sodium, 
potassium, calcium and manganese there may not necessarily be any relationship between 
these variables. This however can not be confirmed as specific readings were not taken. 
Chloride is an ubiquitous aqueous anion. The natural origins of chloride in inland waters 
are attributable to leaching of salts from underlying rock strata (mostly sedimentary rocks 
of marine origin) from which springs arise or over which the river flows (Department of 
Water Affairs and Forestry, 1996b). The chosen sample points in the Olifants River 
catchment area are situated inland, with the river having to cross our neighbouring 
country Mocambique before reaching the ocean. In many fresh-waters the proportionate 
concentration of anions is carbonate > sulphates > chlorides. However, where ground 
water may come in contact with salt-rich deposits the anion sequence is reversed, and is 
chlorides > sulphates > carbonates (Department of Water Affairs and Forestry, 1996a). 
The order of carbonate > sulphates > chlorides was recorded at Bronkhorstspruit Dam 
throughout the seven-year study period, indicating the absence of any salt rich deposits 
affecting water quality. The order of sulphates > carbonate > chlorides was recorded at 
the other three sample sites. This may still indicate the absence of any salt rich deposits in 
the area, but give an indication of the eutrophic condition of these three sample sites 
(Butty et al., 1980; Theron et al., 1991a). 
High chloride concentrations. in surface waters can rise from mining (White, 1989) and 
from sewage effluent, because chloride is present as NaC1 in urine (Cole, 1983). 
Extensive mining activities in the Phalaborwa and Mica areas and sewage effluent 
discharge from the large town of Phalaborwa may have elevated chloride concentrations 
in the lower catchment area, more specifically during drought conditionss (Theron et al., 
1991a). With repeated re-use or recycling of water, the chloride concentration increases 
with each cycle and can only be removed by energy-intensive desalinating processes 
(Department of Water Affairs and Forestry, 1996a). Chloride inputs to surface waters can 
rise from irrigation return flows (Department of Water Affairs and Forestry, 1996c), this 
may effect concentrations recorded at Bronkhorstspruit Dam and the two river points due 
to agricultural activity in the area (Theron et al., 1991a). The concentrations recorded at 
40 
Chapter 3. 	 Water and Sediment 
Bronkhorstspruit Dam were the lowest indicating limited input of chloride into the 
system via this route. 
Although this ion is not very toxic (Hellawell, 1986), chloride compounds are mobile and 
persistent complexing agents, that may be of great significance in determining metal 
distribution in the environment (Hahne and Kroontje, 1973). Complexation of sediment-
bound metals with chloride ions can result in remobilization of metals from sediments 
(Bourg, 1988). This is not the case during the present study as decreases in metal 
concentrations in the sediment were accompanied by decreases in chloride concentrations 
at these sites, primarily during flood conditions. This suggests remobilization of metals 
from the sediment due to turbulent mixing and dilution of the water column due to 
increased runoff and precipitation. 
Phosphate 
Phosphate is a generic term for the oxy-anions of phosphorus, namely orthophosphate 
(PO4 ), hydrogen phosphate (HP04 2-) and dihydrogen phosphate (H2PO4 -). These three 
ions exist in equilibrium with one another and the position of equilibria is governed by 
pH. Phosphorus is also found in various condensed phosphates, such as metaphosphate 
and polyphosphates, as well as in complex organic molecules. It occurs most commonly 
in dissolved form as the inorganic HP0 42- ion (Department of Water Affairs and Forestry, 
1996a). 
The forms of phosphorus in water are continually changing because of processes of 
decomposition and synthesis between organically bound forms and oxidised inorganic 
forms. The phosphorus cycle is influenced by exchange of phosphorus between 
sedimentary and aqueous compartments. In turn this is affected by various physical, 
chemical and biological modifying factors such as mineral-water equilibria, water pH 
values, sorption processes, oxygen-dependent redox interactions, and activities of living 
organisms (Department of Water Affairs and Forestry, 1996b). During floods, re-mixing 
of the water column could result in re-suspension of sediments, releasing phosphates 
back into the water column. At Bronkhorstspruit Dam phosphate concentrations 
increased during the larger 1996/1997 flood, indicating a release of phosphate into the 
water column due to re-suspension of sediments, or increased decomposition of organic 
material. With removal of purifying reed beds at the inlet to Bronkhorstspruit Dam, the 
decomposition of plant matter and the re-suspension of sediments previously trapped by 
the reed beds would have released large quantities of phosphates into the water column. 
This was not observed with the removal of reed beds at Balule possibly due to the 
removal of these suspended sediments and organic material further downstream with the 
flood waters. 
Natural sources of phosphorus include weathering of rocks and the subsequent leaching 
of phosphate salts into surface waters, in addition to the decomposition of organic matter 
(Department of Water Affairs and Forestry, 1996b). As was seen at Bronkhorstpruit Dam 
after the 1996/1997 flood. Phosphorus levels are generally lowest in mountainous regions 
of crystalline rocks and levels increase in lowland waters derived from sedimentary 
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deposits (Department of Water Affairs and Forestry, 1996b). In South Africa, phosphorus 
is seldom present in high concentrations in unimpacted surface waters because it is 
actively taken up by plants (Department of Water Affairs and Forestry, 1996b). At both 
control sample points, reed beds filtered the water before it entered these points. With 
the wetland area at the inlet to Bronkhorstspruit Dam and reed beds between Mamba and 
Balule damaged during the floods, this natural protective mechanism was removed with 
further releases of phosphates during decomposition of these plants (See Figure 3.13. and 
3.14.). Concentrations between 10 and 50 lag/1 are commonly found, although 
concentrations as low as 1 Ilg,/1 of soluble inorganic phosphorus may be found in 
"prestine" waters and as high as 200 mg/I of total phosphorus in some enclosed saline 
waters (Department of Water Affairs and Forestry, 1996b). Phosphate concentrations 
representing unimpacted surface waters were recorded at Loskop Dam and Balule 
throughout the study except during the height of the drought in 1995 and at 
Bronkhorstspruit Dam throughout the study except during the 1996/1997 flood. Values 
above 501.1g/1 were recorded at Mamba throughout the study except during the 1996/1997 
flood indicating the dilution effect the larger flood had on the system. Higher 
concentrations were recorded at Mamba when compared to Balule further indicating the 
effectiveness of the purifying ability of reed beds situated between these two points. The 
values recorded at the two river points were similar during the 1996/1997 flood 
substantiating the idea that re-suspended sediments and organic material were carried 
down stream by flood waters. Elevated levels of phosphorus may result from point-
source discharges such as domestic and industrial effluents, and from diffuse sources 
(non-point sources) in which, phosphorus loads are generated by surface and subsurface 
drainage. Non-point sources include atmospheric precipitation, urban runoff, and 
drainage from agricultural land, in particular from land on which fertilizers have been 
applied (Department of Water Affairs and Forestry, 1996b). The high levels of phosphate 
recorded at Mamba may well be related to releases from the Phalaborwa Barrage. 
Overgrazing resulting in increased runoff, has caused a build up of sediments in the 
barrage (CSIR, 1990). During periodic water releases, sediment containing phosphates 
may be released into the Olifants River, resulting in elevated levels of phosphate recorded 
at Mamba downstream. 
Enrichment of water with organic phosphates and nitrates results in an excessive growth 
of plants and other organisms, leading to eutrophication and increased biological oxygen 
demand (Department of Water Affairs and Forestry, 1996a). Loskop Dam is an eutrophic 
system. Eutrophic systems usually contain high phosphate concentrations, the Loskop 
Dam classification is however, based on algal standing crops and not phosphate 
concentrations or secchi depth (Butty et al., 1980), this explains the unexpectedly low -
phosphate concentrations recorded at Loskop Dam. 
Phosphate is extremely reactive under oxidizing conditions, and interacts with many 
cations (e.g. Al, Fe, Ca) to form relatively insoluble compounds that precipitate out of 
water. Availability is also reduced by adsorption of phosphate to inorganic colloids and 
organic compounds such as humic and particulate material (e.g. clays, carbonates, 
hydroxides) (Department of Water Affairs and Forestry, 1996b). Concentrations recorded 
at Loskop Dam, Bronkhorstspruit Dam, Mamba and Balule for iron and aluminium in the 
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Figure 3.13. Reed beds situated between Mamba and BahlIe. 
Figure 3.14. Photograph showing new reed growth after the flood in 1996/1997. 
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water and sediment showed the same increases and decreases when drought and flood 
conditions were compared. Concentrations recorded for aluminium at Loskop Dam, 
Mamba and Balule increased during the drought following the same trend observed for 
phosphate concentrations. Concentrations recorded for iron followed the same trend as 
that recorded for aluminium at Loskop Dam and Mamba with a gradual decrease in 
concentrations observed at Balule from drought to flood conditions. Likewise a gradual 
increase in aluminium, iron and phosphate concentrations were observed at 
Bronkhorstspruit Dam from flood through drought into flood conditions. This indicates 
no corresponding decrease in water concentrations with increased sediment 
concentrations to indicate precipitation of aluminium, iron or phosphate from solution. 
Concentrations recorded for calcium at all four-sample sites followed the same trends as 
discussed above. Several chemical bonding processes regulate the amount of inorganic 
phosphorus, which is bonded to iron, aluminium, calcium or organic polyphenols and 
adsorbed onto suspended particulate material. Adsorbed phosphorus may be released 
from the sediments under conditions of high flow and under anoxic conditions from both 
sediments and water (Department of Water Affairs and Forestry, 1996b). These 
conditions may well have existed during the 1996/1997 flood, more particularly at 
Bronkhorstspruit Dam. 
Fluoride 
Fluoride occurs in the earth's crust at an average concentration of 0.30 g/kg, most often 
as a constituent of fluorite (CaF 2), often known as fluorspar or calcium fluoride, in 
sedimentary rocks (Department of Water Affairs and Forestry, 1996b). The Waterberg 
Group in the Olifants River-Loskop Reach consists mainly of coarse-grained, red 
sedimentary rocks (Theron et al., 1991c). This indicates the possibility of fluorite 
deposits causing elevated fluoride and calcium levels at Loskop Dam. Levels recorded 
for calcium and fluoride at this site were within guideline limits, with no common trend 
developing when drought and flood conditions were compared. This indicates the 
presence of limited or no fluorite deposits in the area. Other important occurrences of 
fluoride are cryolite and fluorapatite in igneous rocks. Traces of fluoride (< 1.00 mg/1) 
occur in many aquatic ecosystems, whilst higher concentrations (often > 10.00 mg/1) can 
be found in ground waters derived from igneous rocks (Department of Water Affairs and 
Forestry, 1996b). Geological outcrops of basalt from the Basement Complex, and the 
Rooiberg Group comprised of volcanic rock both incorporate igneous rock into the lower 
Olifants River catchment. Flouride water concentrations in the lower catchment area were 
higher than those recorded in the upper catchment. These elevated levels may indicate the 
presence of flouride containing igneous rocks or anthropogenic inputs due to domestic 
waste. 
The median limit for fluoride in all cases lies between 1.00 and 2.00 mg/1 (Kempster et 
al., 1980). Fluoride is one of the elements which helps to prevent dental caries, but it has 
chronic long term toxicity in concentrations only slightly above the beneficial level 
(Kempster et al., 1980). Fluoride is the most electronegative member of the halogens. It 
has a strong affinity for positive ions and readily forms complexes with many metals. 
Apart from the alkali metal fluorides, most fluorides are insoluble in water. Many soluble 
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complexes are formed with silicates and the transition metals (Department of Water 
Affairs and Forestry, 1996c). Concentrations recorded for silica at all four-sample sites 
throughout the seven-year study period remained relatively constant, indicating no 
differences between drought and flood conditions, this is in contrast to fluoride 
concentrations which showed slight increases during the drought. This indicates no 
obvious relationship exists between fluoride and silicate, suggesting no soluble 
complexes had formed. 
Fluoride reacts rapidly with calcium and phosphate ions to form insoluble complexes, 
which tends to settle out of the water column (Department of Water Affairs and Forestry, 
1996b). No trend was observed at Loskop Dam when calcium, phosphate and fluoride 
water concentrations were compared. The same increases in concentrations were 
however, observed during the drought at the two river points. At Bronkhorstspruit Dam, 
fluoride and calcium water concentrations decreased during the 1996/1997 flood with 
increases in phosphate concentrations recorded during the same period. There seems to 
be a correlation between calcium and fluoride concentrations with the same increases and 
decreases observed at Bronkhorstspruit Dam, Mamba and Balule. 
Fluoride reacts rapidly with magnesium and aluminium at alkaline pH values to form 
complexes which are not easily absorbed by aquatic biota (Department of Water Affairs 
and Forestry, 1996b). Alkaline pH was recorded throughout the catchment during both 
drought and flood conditions. In the upper catchment area increasing aluminium and 
magnesium concentrations were accompanied by decreasing fluoride concentrations 
indicating a very weak relationship exists between these variables. In the lower 
catchment area however, similar increases and decreases in aluminium, magnesium and 
fluoride water concentrations were observed, suggesting the possibility of complexes 
existing. 
Increasing water temperature increases the toxic effects of fluoride, whilst increasing 
water hardness reduces toxic effects (Department of Water Affairs and Forestry, 1996b). 
Throughout each year similar concentrations were recorded with only slight increases in 
concentrations observed during summer and spring. Thus, accompanied by slightly 
increased concentrations at each of the four-sample sites during the warmer months were 
increases in fluoride toxicity. The two control sites recorded increased water hardness 
during the warmer months thus counteracting the toxic effect created by elevated 
temperatures, water hardness at Mamba however decreased during the warmer months 
elevating the toxic effect. During flood conditions at Loskop Dam water hardness 
increased during the winter months, thus a further decrease in fluoride toxicity was . 
observed. During drought conditionss at Loskop Dam water hardness increased during 
the summer months counteracting the effect of increased temperature on fluoride toxicity. 
Typically the concentration of fluoride in unpolluted surface water, is approximately 0.10 
mg/1 (Department of Water Affairs and Forestry, 1996c). None of the fluoride 
concentrations recorded, were below 0.10 mg/l. Values recorded in the lower catchment 
area were higher than those in the upper catchment, with maximum values of 4.18 mg/1 
recorded at Mamba during 1992 and 3.57 mg/1 at Balule during 1993 respectively. All the 
values recorded at Bronkhorstspruit Dam and Loskop Dam however, were recorded 
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below 1.00 mg/l. This indicates the possible introduction of fluoride into the lower 
catchment area due to anthropogenic inputs. 
3.4.2. Metals in the water (mg/I) and sediment (mg/I) 
Heavy metals are of greater harm to the environment because they cannot be destroyed 
through biological degradation and they tend to accumulate in the environment, 
especially in river sediments (Forstner and Prosi, 1979). Metals vary widely in their 
toxicity, certain metals having low toxicity whilst others are extremely toxic even at low 
concentrations (Hellawell, 1986). 
Aluminium 
Aluminium occurs primarily as aluminosilicate minerals, which are too insoluble to 
participate readily in bio-geochemical reactions. Under acidic (pH < 6.0) or alkaline (pH 
> 8.0) conditions, or in the presence of complexing ligands, elevated concentrations may 
be mobilised to the aquatic environment (Department of Water Affairs and Forestry, 
1996b). pH values ranged between 7.0 and 9.0 indicating the possibility that elevated 
concentrations may be mobilised to the aquatic environment, especially during the 
warmer months. There were however, no increases in aluminium concentrations in 
solution at either of the four-sample sites during these periods of increased pH. 
Aluminium occurs in water in two main phases, either as suspended aluminium minerals 
or as dissolved aluminium species. Where aluminium occurs as a hydrate Al(III) cation, it 
hydrolyses and precipitates as insoluble aluminium hydroxide around neutral pH. The 
concentration of dissolved aluminium in unpolluted water at neutral pH is 0.005 mg/1 or 
less (Department of Water Affairs and Forestry, 1996c). Values were recorded below the 
detection limit of 0.020 mg/1 at all four-sample sites, however, values progressively 
increased throughout the study. Maximum values were recorded during the height of the 
drought in 1995, decreasing to below 1.000 mg/1 during the 1996/1997 flood. Aluminium 
concentrations recorded during the 1990/1991 flood at Loskop Dam were predominantly 
below the detection limit, these low values were accompanied by pH values close to 
neutral, with similar decreases in pH to below 8.0 recorded during the 1996/1997 flood, 
when aluminium concentrations again decreased. This may indicate precipitation of 
aluminium during flood conditions, resulting in the decreases observed. Due to limited 
information available at Bronkhorstspruit Dam no definite trends were observed. At the 
two river points pH values were above 8.0 during both flood and drought conditions. The 
decreases in aluminium concentrations were however also recorded during the 1996/1997 
flood. This may indicate the dilution effect caused by the flood. The effect of pH and 
increased flow in the upper and lower catchment areas may well be an indication of 
different mechanisms at work in the different water systems, namely that of dams and 
rivers. 
Aluminium is described as a non-critical element, though there is growing concern over 
the effects of elevated concentrations of aluminium in the environment, primarily that 
mobilised as a result of acid mine drainage and acid precipitation. Studies of the 
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environmental chemistry and toxicity of aluminium provide a limited understanding of 
the processes regulating the aqueous concentrations, speciation and bio-availability of 
this element. Clearly, the toxicity of aluminium depends on the chemical species involved 
(Department of Water Affairs and Forestry, 1996b). 
Aluminium can be mobilised from soils and sediments by both weathering and 
accelerated acidification processes, resulting in detectable concentrations in surface 
waters (Department of Water Affairs and Forestry, 1996b). There was an increase in 
aluminium water concentrations with corresponding decreases in sediment concentrations 
at all four-sample sites. This suggests the presence of acidification processes in the 
sediments. 
The presence of calcium is antagonistic to aluminium, increasing its toxicity (Ellis, 
1989). Although similar minimum and maximum values recorded in the upper and lower 
catchment area were in the same range during flood and drought conditions, calcium 
concentrations recorded at Mamba and Balule were higher. This may suggest increased 
toxicity of aluminium in the lower catchment area. 
Copper 
Copper occurs in three oxidation states, as metallic copper (0), cuprous copper (I) and 
cupric copper (II). The free cupric copper ions (Cu 2+) are considered most toxic to aquatic 
organisms (Department of Water Affairs and Forestry, 1996a). 
Many minerals containing copper are known; some of these such as malachite, azurite 
and turquoise are important semi-precious minerals (Department of Water Affairs and 
Forestry, 1996a). Copper is mined in the lower catchment area. However, the maximum 
copper water concentrations were recorded at Loskop Dam, often 20 times greater than 
those recorded in the lower catchment area. Values however, decreased throughout the 
catchment during the larger 1996/1997 flood to below the detection limit of 0.002 mg/l. 
Copper can be complexed to suspended sediment or adsorbed to particulate matter 
(Department of Water Affairs and Forestry, 1993a). It is impossible to determine to what 
extent this may have occurred, as no readings are available, indicating the degree of 
copper absorption to suspended sediments and particulate matter. Typically, sedimentary 
concentrations are three to four orders of magnitude higher than those in the dissolved 
phase (Calmano, Ahlf and Forstner, 1990). This was not the case during the present study 
whereby values equal to or higher than those recorded in the sediment were found in the 
water. This suggests the absence of conditions allowing for the precipitation of copper 
into the sediments. 
At neutral and alkaline pH, the copper concentrations in surface waters is usually low, 
typically about 0.003 mg/1, whereas in acidic waters, copper readily dissolves and 
substantially higher concentrations may occur (Department of Water Affairs and 
Forestry, 1996a). Throughout the study pH Values remained alkaline, suggesting that 
concentrations should have been recorded close to the detection limit of 0.002 mg/l. This 
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however was not the case, with values close to or below the detection limit only recorded 
during the larger flood in 1996 at Loskop Dam and during the 1996/1997 flood and 
1993/1994 period of drought at the remaining three sample sites. This suggests the 
addition of copper to the water column due to anthropogenic inputs. 
Copper (II) carbonate, hydroxide and sulphide are insoluble in water, while copper 
sulphate, nitrate, ammonium and chloride are soluble (Department of Water Affairs and 
Forestry, 1996a). No trends were observed in the lower catchment area. Copper 
concentrations slowly decreased throughout the seven-year study whereby, sulphate, 
nitrate, chloride, ammonium and carbonate concentrations increased during the drought. 
At Loskop Dam the same increases in copper and ammonium concentrations were 
observed. Likewise at Bronkhorstspruit Dam a steady increase was observed in copper 
and nitrate concentrations. This tends to indicate a link between copper 
with and nitrification processes in the upper catchment. Combinations of copper with some heavy 
metals, such as nickel and zinc, appear to have additive effects, increasing toxicity of 
copper (Department of Water Affairs and Forestry, 1996a). There seems to be a 
correlation between copper, zinc and nickel concentrations indicating increased copper 
toxicity during the drought at Loskop Dam. A slow decrease in toxicity was however, 
observed in the lower catchment with the highest values recorded during the 1990/1991 
flood. Values recorded for copper and nickel at Bronkhorstspruit Dam showed no 
positive correlation, however increased toxicity was observed with a steady increase in 
copper and zinc concentrations recorded from 1990 to 1997. Copper, zinc and nickel 
concentrations were however recorded in the water throughout the study in the upper and 
lower catchment indicating an additive effect exists even during lowered concentrations. 
Thus low copper concentrations still pose a threat to aquatic life. Molybdenum and 
sulphate have antagonistic effects, reducing copper toxicity (Department of Water Affairs 
and Forestry, 1996a). No correlation exists between sulphate and copper concentrations 
in the upper or lower catchment areas. Molybdenum concentrations were only recorded 
in the sediment thus no correlation can be established. The lack of information on 
molybdenum concentrations limits interpretation of true copper toxicity in the Olifants 
River catchment. 
Copper toxicity is decreased in water with high alkalinity, since the cupric ion combines 
with the carbonate ion (C0 3 2-) to form insoluble copper carbonate (CuCO3), which 
precipitates out of solution. At alkalinities of less than 50.000 mg CaCO3/1, the toxicity of 
copper increases as there is insufficient carbonate present in the water to form a salt 
complex with the toxic cupric ion (Department of Water Affairs and Forestry, 1996a). 
This could have been the case at Loskop Dam where maximum values below 50.000 mg/1 
were recorded during both flood and drought conditions. This is of particular concern 
during the drought with a maximum value of 1.160 mg/1 recorded during February of 
1993. Increases in concentrations accompanied by conditions allowing for increased 
toxicity could pose a further threat to aquatic organisms. 
Iron 
Iron is found in three oxidation states namely, 0, II and III, of which III is the most 
common. Biologically, iron is an essential micronutrient required by all living organisms, 
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although at high concentrations it is toxic and inhibits enzyme function (Department of 
Water Affairs and Forestry, 1996a). 
Iron is the fourth-most abundant element on earth and constitutes 5 % of the earth's crust. 
It is found in many minerals, the most common of which is haematite (Fe203), widely 
used as an iron ore for metallurgical purposes. Other important iron minerals are pyrite 
(FeS2), siderite (FeCO 3), magnetite (Fe304), goethite (Fe203.H20) and limonite 
(2Fe2O3.3H20), as well as a number of mixed ores, such as chalcopyrite (CuFeS 2) and 
arsenopyrite (FeAsS). Pyrite is often associated with coal formations (Department of 
Water Affairs and Forestry, 1996a). This catchment is extensively mined for coal. Both 
the upper and lower catchment areas are affected (Theron et al., 1991a). With the 
presence of igneous and metamorphic geological deposits containing iron in the 
catchment (Theron et al., 1991a) iron can be seen to be naturally abundant in the study 
area. 
Typically, the concentrations of dissolved iron in unpolluted surface waters, is in the 
range of 0.001-0.500 mg/1 (DePartment of Water Affairs and Forestry, 1996a). In the 
upper catchment area values above 0.500 mg/1 were recorded at Loskop Dam during the 
drought and at Bronkhorstspruit Dam during the 1996/1997 flood. This suggests the 
effect of evapo-concentration at Loskop Dam and polluted runoff from coal mines in the 
Witbank-Middelburg area feeding Bronkhorstspruit Dam. Values in the lower catchment 
area were much higher than those recorded at the two dam sites. Magnetite beds in the 
Bushveld Complex are rich in iron. The Bushveld Complex stretches across the Olifants 
River-Loskop reach into the lower Olifants River catchment, while the Penge Iron 
Formation is incorporated into the Transvaal Super Group, situated in the western part of 
the lower Olifants River catchment (Theron et al., 1991a). This naturally occurring iron 
may be the reason for the unusually high iron concentrations recorded in the water and 
sediment at Mamba and Balule. 
The speciation of iron is strongly related to pH and redox potential of water. At neutral or 
alkaline pH, under oxidising conditions, the dissolved iron concentration is usually in the 
j.tg/1 range but under reducing conditions, soluble ferrous iron may be formed and 
substantially higher concentrations, in the mg/1 range, may be encountered (Department 
of Water Affairs and Forestry, 1996a). Apart from the inputs from the geology of the 
area, the high concentrations recorded may well be due to the presence of reducing 
conditions at an alkaline pH, more particularly in the upper catchment area during the 
drought. 
The behaviour of iron in water and transformations that occur between particulate iron 
hydroxides, and ferrous and ferric iron in solution, are governed by pH alkalinity and 
redox potential of water. Waters low in pH generally carry high concentrations of 
dissolved ferrous ions, while under alkaline conditions these ions precipitate out of 
solution (Department of Water Affairs and Forestry, 1996a). This may explain the higher 
iron sediment concentrations recorded at all four-sample sites. 
The cycling of iron between the dissolved and precipitated phases may result in co- 
precipitation of many trace metals such as arsenic, copper, cadmium and lead 
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(Department of Water Affairs and Forestry, 1996a). Arsenic and cadmium water 
concentrations were not read, however, copper and lead concentrations followed the same 
trend observed for iron. Increases in concentrations were recorded for copper, lead and 
iron during the drought at Loskop Dam. The trend observed at Bronkhorstspruit Dam saw 
the same increases in copper and iron concentrations from drought conditions into the 
1996/1997 flood. No trends were observed at Mamba, but similar decreases in 
concentrations from flood to drought through to flood conditions, were observed for lead 
and iron concentrations. The concentration of dissolved iron is also dependent on 
turbidity, the amount of suspended material, the concentration of aluminium and 
occurrence of several heavy metals, notably manganese (Department of Water Affairs 
and Forestry, 1996a). At Loskop Dam, Bronkhorstspruit Dam and Balule both aluminium 
and manganese concentrations followed the same trends observed for iron. At Mamba 
however, the same increases observed during drought conditionss for iron were only 
observed when turbidity readings were investigated. 
Lead 
Lead has two oxidation states, Pb 2+ and Pb4+, of which Pb2+ dominates in the aquatic 
environment. In water with a pH 6.00, HCO3 -, S042 and cr are the most common lead 
counter-ions (Department of Water Affairs and Forestry, 1996a). None of these mixtures 
probably existed, as pH values were all above 6.00 throughout the study. PbCO3 
predominates in fresh water with a pH 9.00 (Department of Water Affairs and Forestry, 
1996a). On two occasions pH values were 9.00. A value of 9.00 was recorded at 
Loskop Dam in October of 1996 and 9.19 at Mamba in November of 1993. This indicates 
that although PbCO3 complexes could have formed they do not predominate in the 
system. Various lead sulphides are found under anaerobic conditions in the sediment. 
Alkyl-lead compounds may also be formed but are not stable (Department of Water 
Affairs and Forestry, 1996a). Sulphide and oxygen readings were not taken in the 
sediment thus no relationship between sulphide, oxygen saturation and lead 
concentrations could be established. 
The most common mineral ores of lead are galena (lead sulphide), cerussite (lead 
carbonate) and anglesite (lead sulphate). The occurrence of lead in its elemental state is 
rare however, lead tends to accumulate in sediments and soils (Department of Water 
Affairs and Forestry, 1996a). Concentrations recorded in the sediment were lower than 
the water concentrations, indicating limited accumulation of lead in the sediments. 
Higher water values were recorded in the lower catchment area, values above 0.100 mg/1 
were recorded during the 1990/1991 flood. There was a slow decline in concentrations to - 
below the detection limit of 0.015 mg/1 during the second flood in 1996/1997 at all four-
sample sites. 
Typically the concentrations of lead in surface waters, is less than 0.010 mg/1, 
contaminated water can be several mg/1 (Department of Water Affairs and Forestry, 
1996a). All the values recorded were below 1.000 mg/l. These values recorded do not 
necessarily indicate point source inputs. Levels of lead are generally higher in the surface 
waters, presumably due to atmospheric input, and then they fall with depth (Wetzel, 
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1975). Only surface readings were taken which may explain concentrations recorded 
above 0.010 mg/1, with turbulent mixing during the larger second flood resulting in the 
low values recorded in 1996/1997. 
Calcium, at a concentration of 50.000 mg/1, is able to prevent the toxic effects of lead at 
1.000 mg/1 (Department of Water Affairs and Forestry, 1996b). Calcium concentrations 
above 50.000 mg/1 were mainly recorded in the lower catchment. The lead concentrations 
recorded were also higher than those in the upper catchment area. Therefore, elevated 
lead concentrations recorded in the lower catchment were less toxic, limiting the negative 
effects exposure could have had on the aquatic environment. 
In alkaline conditions, the removal of sulphide by the release of ferrous ions will permit 
an increase in migration of lead from the sediments (Wetzel, 1975). No link was observed 
between iron and lead fluctuations in the sediment indicating limited . iron sulphide 
mixtures present there. 
Manganese 
Manganese is found in several oxidation states, namely, -III, -I, 0, I, II, III, IV, V, VI and 
VII. It is an essential micronutrient involved in proteoglycan synthesis in vertebrates, but 
is neurotoxic in excessive amounts (Department of Water Affairs and Forestry, 1996a). 
Manganese is a relatively abundant element, constituting approximately 0.1 % of the 
earth's crust. Commonly occurring minerals that contain manganese include, pyrolusite 
(Mn02), manganite (Mn203.H20), rhodochrosite (MnC3O) and rhodonite (Mn3SiO). 
Manganese is found in solution predominantly as the manganous Mn (II) ion, in acidic 
water with a pH of less than 5, and may be stabilised by complexation with humic acids 
(Department of Water Affairs and Forestry, 1996a). Due to prevailing alkaline conditions 
throughout the catchment during both flood and drought conditions, it can be assumed 
that manganese is not present in the manganous form. Oxidation to the manganic ion, Mn 
(IV), manganese tends to precipitate out of solution, to form a black hydrate oxide, which 
is responsible for the staining problems often associated with manganese-bearing waters 
(Department of Water Affairs and Forestry, 1996a). Values recorded in the sediment 
were predominantly higher than those in water. Only during the 1990/1991 flood in the 
lower catchment were values higher in the water. This may indicate the presence of 
manganese M the manganic ion form, precipitating out of solution during oxidation 
conditions. 
Permanganates (Mn7+) do not persist in the environment. They rapidly oxidise organic 
materials and are therefore reduced. Nitrate, sulphate and chloride salts of manganese are 
fairly soluble in water (Department of Water Affairs and Forestry, 1996b). Only values 
recorded at Mamba for nitrate, sulphate and chloride showed any correlation, increasing 
during the drought. This does not necessarily suggest that nitrate, sulphate and chloride 
salts of manganese existed. Oxides, carbonates, phosphates, sulphides and hydroxides of 
manganese are less soluble (Department of Water Affairs and Forestry, 1996b). At 
Bronkhorstspruit Dam, Mamba and Balule carbonate and phosphate concentrations 
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increased during the drought. Only manganese water concentrations recorded at Mamba 
followed this trend. Again a relationship may have existed between carbonates, 
phosphates and manganese ions rendering manganese less soluble at Mamba. This 
however, does not follow the trend observed elsewhere in the catchment, therefore no 
conclusions can be made. 
Typically, the median concentrations of manganese in fresh-waters is 8.00 lig/1, with a 
range of 0.02-130.00 1..tg/1 (Department of Water Affairs and Forestry, 1996a). None of 
the values recorded at Loskop Dam fell into this category, however, all of the values 
recorded at Bronkhorstspruit Dam did. This is not conclusive as the data set available for 
Bronkhorstspruit Dam is incomplete. Values in the lower catchment were only recorded 
within this range during the larger 1996/1997 flood, indicating the dilution effect of the 
flood waters. 
Manganese solubility decreases markedly with an increase in oxygen concentration, 
redox potential and pH. Increased bicarbonate activity also decreases manganese 
solubility (Wetzel, 1983). Values recorded at Loskop Dam and Balule where the highest 
carbonate values were recorded, also had the highest manganese water concentrations in 
the respective catchments. Other water constituents and properties that govern the action 
of manganese in water are suspended matter and concentrations of aluminium 
(Department of Water Affairs and Forestry, 1996a). The presence of suspended solids in 
the water column may well explain why high values were recorded at Loskop Dam and 
Balule respectively, with the water reading taken including a fraction of the suspended 
matter present. Aluminium water concentrations showed a strong correlation with 
recorded manganese water concentrations at three of the four-sample sites. Only Mamba 
can be. excluded. This indicates a link between manganese activity in the water and 
elevated aluminium concentrations. 
The aquatic chemistry of manganese is similar to that of iron and the two elements tend 
to behave similarly in their dissolution from sediments under anaerobic conditions and re-
precipitation under aerobic conditions (Department of Water Affairs and Forestry, 
1996a). This was the case during the present study whereby the same increases and 
decreases in iron and manganese water and sediment concentrations were observed at all 
four-sample sites. This trend being more clearly observed at the two dam sites. 
Nickel 
This metal, like most others, is incorporated into the sediment where it may persist for 
many years and subsequently be released during changes in physico-chemical conditions 
(Kelly, 1988). Higher concentrations were recorded in the sediment when compared to 
the water during drought conditions at all four-sample sites. During flood conditions, re-
mixing resulted in re-mobilization of nickel from the sediments. At the two dam sites 
water concentrations fell to below the detection limit of 0.006 mg/1 during the floods. 
This indicates an additional dilution effect created by the flood waters. Nickel ions 
become soluble at pH values under 6.5, while above 6.7 nickel forms insoluble 
hydroxides (Dallas and Day, 1993). With the lowest pH value of 6.9 recorded at Balule 
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during the 1996/1997 flood, conditions prevailing throughout the study lend to the 
formation of insoluble hydroxides. This further substantiates suggestions that nickel 
precipitated out of solution and was only re-mobilized during turbulent re-mixing of the 
sediments during flood conditions. 
Strontium 
Natural strontium has little or no toxicity (Kempster et al., 1980). Strontium is found in 
water in solution rather than in particulate form and might, therefore, be more bio-
available to fish for uptake (Carrara, Ferreira and Coimbra, 1990). Water strontium 
concentrations were higher than the sediment with the highest values recorded during the 
drought at all four-sample sites. The values recorded in the lower catchment were higher 
than those at the two dam sites. In calcium rich waters calcium will compete with 
strontium in the uptake process, which results in lower strontium accumulation by fish 
(Phillips and Russo, 1978). Thus even though strontium concentrations were higher in 
the lower catchment, strontium uptake by fish was limited due to higher calcium 
concentrations recorded at the two river points. 
Zinc 
Zinc is a metallic element. The stable oxidation states of zinc are (0) and +II, which are 
the forms found in nature (Department of Water Affairs and Forestry, 1996a). In most 
natural waters zinc exists mainly as the divalent cation, which is the potentially toxic 
form. The proportion of other forms such as inorganic compounds like ZnCO3; stable 
organic complexes like Zn-cysteinate; or colloids like Zn 2+ -clay or Zn2+ -humic acid, 
depends on the chemistry of water (Department of Water Affairs and Forestry, 1996b). 
In aqueous solutions zinc is amphoteric, that is, it dissolves in acids to form the hydrated 
cations Zn2+ and in strong bases it forms zincate anions (probably of the form Zn(OH) 2-4)• 
Organo-zinc complexes and compounds can also be formed (Department of Water 
Affairs and Forestry, 1996b). As alkaline conditions prevail throughout the catchment it 
can be assumed that zincate anions and organo-zinc complexes had formed. 
The most common mineral form of zinc is the sulphide (sphalerite). Zinc is also found as 
a carbonate, oxide and silicate and may occur in association with other metal ores such as 
copper and arsenic (Department of Water Affairs and Forestry, 1996a). At Loskop Dam 
silicate, copper and zinc water concentrations recorded the same increases during the 
drought. This indicates a possible association, suggesting the presence of silicate ores 
containing copper and zinc ions. At Mamba the same increases in concentrations were 
recorded during the drought for carbonate and zinc. This also suggests that zinc water 
concentrations may originate from the geology of the area, and not due to anthropogenic 
inputs. No trends were observed at the control sites. 
The chloride, sulphate and nitrate salts of zinc are highly soluble in water, but at neutral 
and alkaline pH hydrolyses to form relatively insoluble hydroxides, which tend to be 
associated with the sediments (Department of Water Affairs and Forestry, 1996a). Only 
at Mamba was a similar pattern of increase observed for chloride, sulphate, nitrate and 
53 
Chapter 3. 	 Water and Sediment 
zinc water concentrations during the drought. The other three sample sites showed no 
relationship between these variables. This indicates that zinc could have precipitated out 
of solution during the drought at Mamba, which explains the high sediment 
concentrations recorded at this site. 
Toxicity to solutions containing zinc is mainly attributable to the zinc ion (Zn 2+) and to a 
lesser extent to particulate zinc present as the basic carbonate or hydroxide suspended in 
solution (Department of Water Affairs and Forestry, 1996a). This could well be the case 
at Mamba. Zinc interacts strongly with cadmium, which is chemically very similar. Zinc, 
however, is an essential element and of relatively low toxicity to living organisms, 
whereas cadmium is not essential and is highly toxic to all higher organisms (Department 
of Water Affairs and Forestry, 1996b). Cadmium readings are only available in the 
sediment, however, values below the detection limit were recorded for cadmium, 
indicating very little interaction with zinc in the catchment. In animals, zinc is a 
metabolic antagonist of cadmium and its toxicity is reduced in the presence of zinc 
(Department of Water Affairs and Forestry, 1996b). With the low cadmium 
concentrations recorded, cadmium toxicity is of no concern, however, if concentrations 
should increase, the presence of zinc in the system may well aid in inhibiting it's toxic 
effect. Metabolically, zinc interacts with copper (Department of Water Affairs and 
Forestry, 1996a). The only correlation between zinc and copper concentrations were 
observed at Loskop Dam, indicating there may well be a link between copper and zinc 
uptake by fish. Copper increases the zinc toxicity in soft, but not in hard water 
(Department of Water Affairs and Forestry, 1996b). This would be of concern in the 
upper catchment, which has softer water. With lower mg/1 copper concentrations when 
compared to zinc, increased zinc toxicity is limited. 
3.5. Conclusion 
The interpretation of data collected at each of the four-sample sites should be done baring 
in mind the differences between dams and rivers. The dams in the upper catchment act as 
a collection reservoir for pollutants. Releases of pollutants take place as a result of 
systematic, controlled opening of sluice gates or releases via overflow gauges during 
periods of increased flow. Rivers are subject to greater change, with a constantly moving 
water body bringing substances in and carrying them away. Changing environmental 
conditions (drought and flood) create a new dynamic, with low flow allowing for the 
precipitation of suspended solids out of solution. Increased flow, allowing for the re-
suspension of sediments, often leading to the re-mobilisation of pollutants, like metals, 
back into the water column. 
The Olifants River is a well buffered system with higher CaCO3 concentrations recorded 
in the lower catchment. This may lead one to believe that the system is resilient to 
pollutant (metal) inputs. Alkalinity indirectly affects the speciation of metals and the 
formation of metal complexes and hence the bio-availability of metals (Department of 
Water Affairs and Forestry, 1996a). As was seen at the more polluted sites, Loskop Dam 
and Mamba, mining activities can also increase the buffering ability of water metals 
(Department of Water Affairs and Forestry, 1996a). Less variation was observed between 
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pH values at these sites indicating stability in the buffering effect. At the control sites 
higher CaCO3 concentrations were recorded, further ensuring the protection of these less 
impacted points. 
Mining activities in the Olifants River system is extensive, elevated heavy metal 
concentrations were observed, posing a threat to aquatic life. Further mechanisms exist in 
the catchment for the protection of aquatic life, all be it natural or due to human 
interference. Rising TDS decrease the ability of metals to remain soluble and therefore 
available for uptake by aquatic biota (Forstner, 1979). The highest concentrations were 
recorded during the flood at the two dam sites indicating the trapping of salts washed in 
from upstream. The highest concentrations were recorded during the drought at the two 
river points, due to the effect of evapo-concentration, with limited dilution of 
anthropogenic inputs from the Phalaborwa Barrage. These protective mechanism 
however, can become a threat to the safety of the organisms they protect. Rates of change 
observed for TDS concentrations at Mamba and Balule cause an instability, which can 
result in the death of fish due to the sudden drop in oxygen levels. 
Organisms in the lower catchment are at further risk, especially during drought 
conditions as mining activities further resulted in the increased concentrations observed 
for potassium and fluoride. Fluoride toxicity increased during the summer months with 
lower water hardness recorded at the more polluted site, further increasing fluoride 
toxicity at this already impacted point. 
During the flood in the lower Olifants River catchment, elevated chloride concentrations 
were recorded. Possibly due to anthropogenic inputs from mining activities in the 
Phalaborwa and Mica areas, also due to sewage effluent from Phalaborwa and irrigation 
return flow. 
An additional mechanism protecting the integrity of the control points were the presence 
of reed beds. Reed beds situated between Mamba and Balule and at the inlet to 
Bronkhorstspruit Dam, filter the water absorbing nutrients such as nitrates, nitrites, 
ammonium and phosphates. Reed beds also reduce water flow, allowing sedimentation to 
take place, removing suspended solids containing heavy metals from solution. The 
impact of the removal of these reed beds during flood conditions was particularly evident 
at Mamba and Balule. Before. the 1996/1997 flood, phosphate concentrations were much 
higher at Mamba. Values recorded at Balule only increasing during the height of the 
drought when concentrations upstream were so elevated that maximum absorption by the 
reed beds was reached. Once the reed beds were removed, concentrations recorded at the 
two river points were similar. At the control dam the impact of the removal of the reed 
beds was also felt during the larger flood. Decomposition of plant matter trapped in the 
dam after the flood resulted in the release of phosphates into the system, thus, much 
higher values were recorded when compared with the previous drought. Re-mixing of 
sediments, held back by the reeds, lead to further releases of phosphate into the water 
column. Thus one is lead to conclude that, deterioration in water quality with respect to 
organic pollutants took place at the control sites. 
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Heavy metal concentrations posing a threat to aquatic life in the lower catchment were 
aluminium and iron. Calcium concentrations have an antagonistic effect on aluminium 
(Ellis, 1989). With the highest calcium concentrations recorded at Mamba and Balule 
values recorded for aluminium were more toxic than those in the upper catchment, 
particularly during the drought. Elevated iron concentrations were recorded in the water 
and sediment, this however could be due to naturally occurring geological deposits rich in 
iron ore. This suggests that organisms in the lower catchment may well be adapted to 
these elevated levels of exposure. 
In the upper catchment elevated metal concentrations were of particular concern at 
Loskop Dam. This is primarily due to the fact that calcium concentrations were very low 
at this site. The metal of particular concern was copper with concentrations often twenty 
times greater than elsewhere in the system. 
Increased exposure to pollutants more specifically heavy metals may pose a serious threat 
to aquatic health in the upper and lower catchment areas. With the current trend of 
industrial expansion in the country, with a growing need for job creation, water quality is 
usually not of primary concern. At present, water quality in the Olifants River although 
not pristine does not pose any great threat to aquatic life, assuming anthropogenic inputs 
do not increase. Of particular concern however, are periods of low flow (drought) when 
the full impact of pollutants are felt. 
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Chapter 4. 	 Bio-accumulation 
4.1. Introduction 
Fish are mentioned in the literature as good bio-accumulative indicators of metal 
pollution because they are known to readily accumulate metals from their environment. 
This can be detrimental to the health of both the organism itself, as well as to consumers, 
be they animals or humans. The investigation of metal bio-accumulation in fish is 
important because it supports the monitoring of the chemical and physical quality of 
water and sediment in aquatic ecosystems (Van Vuren, Du Preez, Wepener, Adendorff, 
Barnhoorn, Coetzee, Kotze and Nussey, 1999). During the present study this form of 
analysis will further substantiate results obtained during evaluation of the Health 
Assessment Index. 
For the purposes of the study, three fish species were assessed in the Olifants River 
system. C. gariepinus and 0. mossambicus were assessed in the lower Olifants River 
catchment at Mamba and Balule in the Kruger National Park. These two sites were only 
sampled twice during a winter and summer survey, with no 0. mossambicus caught 
during the summer survey, possibly due to changes in habitat after the floods, no longer 
conducive to this species trophic status. In the upper catchment both C. gariepinus and 0. 
mossambicus were sampled at Loskop Dam during four surveys namely, April 1996 
(autumn), July 1996 (winter), October 1996 (spring) and January 1997 (summer). At 
Bronkhorstspruit Dam 0. mossambicus was not sampled as not enough fish could be 
caught of this species for statistical analysis. B. marequensis was thus chosen to represent 
this trophic level. C. gariepinus was also sampled at this site, and during the same periods 
mentioned for Loskop Dam. The results obtained after statistical analysis of C. 
gariepinus data will not be discussed here as this data was assessed as part of a M.Sc. 
thesis. The general discussion of this chapter will however compare the three fish species 
results with each other, to come to a conclusive assessment of the bio-accumulation of 
aluminium, copper, iron, lead, manganese, nickel, strontium and zinc at various trophic 
levels in the system. 
4.2. Methods 
Standard techniques were followed for the sampling of tissue types and laboratory 
analysis of tissue samples using Atomic Absorption Spectrometry (Varian Mark VI 
Burner, 1992). 
Statistical analysis 
The mean, minimum (Min) and maximum (Max) values, standard deviation (Stdev) and 
standard error (Stderr) for each tissue type was statistically determined using microsoft 
excel computer software. This information was then tabulated for each tissue type and 
sample site separately (See Tables 4.1 - 4.10). 
Metal data for the four different tissue types was further statistically analysed with the aid 
of the SPSS 7.5 computer software. The three data sets collected for 0. mossambicus at 
Loskop Dam, Mamba and Balule were combined during analysis. To determine the metal 
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types most significant or suggestive of differences between fish tissue types and seasons, 
a univariate analysis of variance was introduced. Multivariate analysis of variance was 
employed to determine the differences between gender and seasons (See Tables 4.11 -
4.16). 
Using the SPSS 7.5 computer software, correlation matrix's were employed to determine 
all the possible relationships which may exist between the eight metals tested for in each 
of the four-tissue types. During analysis, data collected from 0. mossambicus, B. 
marequensis and C. gariepinus were evaluated. The results provided substantiation for 
results obtained during ANOVA and MANOVA testing. These results did not provide 
any additional insight as to the interpretation of the collected data, thus they will not be 
included as part of this thesis. 
4.3. Results 
4.3.1. Descriptive statistics 
Heavy metal data was collected from 0. mossambicus at Loskop Dam during autumn 
(See Table 4.1). Mean aluminium concentrations were highest in the liver at 97.23 figlg 
followed by the gills (85.12 gg/g), muscle (51.92 gg/g) and skin (45.19 gg/g) 
respectively. Large standard deviation and standard error values were recorded for all 
four-tissue types. Mean strontium concentrations were highest in the gills at 167.59 gg/g 
with a marked decrease in concentrations observed in the skin at 8.77 Ilg/g followed by 
the muscle (7.82 gg/g) and liver (5.84 lg/g) concentrations respectively. Standard 
deviations followed a similar trend. A standard error value above 1 was recorded for the 
gills at 5.68. Mean zinc concentrations were highest in the skin at 68.53 pg/g followed 
by the gills (47.20 gg/g), liver (44.89 gg/g) and muscle (20.38 pg/g) concentrations 
respectively. Standard deviations were higher for the liver as compared to the gills, with 
the highest value recorded for the skin at 24.55. Standard error values remained low, only 
recording a slightly elevated value for the skin at 5.49. Mean nickel concentrations were 
low in all four-tissue types, with the highest value recorded in the gills at 4.22 gg/g 
followed by the muscle (2.05 nig), skin (1.77 nig) and liver (1.67 nig) concentrations 
respectively. Standard deviation and standard error values recorded for all four-tissue 
types remaining below 1. Mean manganese concentrations were elevated in the gills at 
67.65 iig/g, the second highest concentration was recorded in the liver at 6.14 gg/g 
followed by the skin at 1.67 gg/g and the muscle at 1.10 iig/g respectively. Standard 
deviations were highest for the gills at 20.37 followed by the liver and skin slightly above 
1 and the muscle below 1. Standard error values generally remained below 1 with a value . 
of 4.55 recorded for the gills. The highest mean concentration was recorded for copper in 
the liver at 45.33 gg/g as compared to the gills at 3.46 1.1g/g, skin at 2.27lig/g and muscle 
at 2.00 iig/g respectively. Standard deviations recorded for the gills, muscle and skin 
remained below or close to 1 with an elevated value recorded for the liver at 45.65. 
Likewise standard error values recorded for the gills, muscle and skin remained below 1 
with an elevated value recorded for the liver at 10.47. Mean lead concentrations were 
similar throughout, only appearing elevated in the gills at 9.30 pg/g. Standard deviation 
and standard error values recorded for all four-tissue types remained below 1. Mean iron 
concentrations were high, recording the highest value in the liver at 597.88 p.g/g as 
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compared to 129.55gg/g in the gills, 25.87 pg/g in the muscle and 20.70 p.g/g in the skin 
respectively. Elevated standard deviation and standard error values were recorded for all 
four-tissue types (See Table 4.1). 
Table 4.1. Table showing various statistical computations for eight metals, namely aluminium (Al), 
strontium (Sr), zinc (Zn), nickel (Ni), manganese (Mn), copper (Cu), lead (Pb) and iron (Fe) tested in four-
tissue types namely, liver, muscle, skin and gills. Tissue types chosen due to study by Du Preez and Steyn 
(1992). Tissue types were collected from 0. mossambicus at Loskop Dam during April 1996 (autumn). 
Loskop Dam - autumn 
n=20 
Liver (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 97.23 5.84 44.89 1.67 6.14 45.33 4.26 597.88 
Min 26.82 0.08 32.91 0.25 1.84 7.33 3.45 302.32 
Max 143.32 10.88 60.01 2.95 15.64 174.63 5.15 1564.82 
Stdev 35.60 2.86 9.12 0.70 3.61 45.65 0.50 310.15 
Stderr 8.17 0.66 2.09 0.16 0.83 10.47 0.12 71.15 
Muscle (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 51.92 7.82 20.38 2.05 1.10 2.00 4.17 25.87 
Min 24.82 3.63 13.96 1.55 0.49 1.33 3.15 15.32 
Max 75.32 11.38 27.46 2.70 2.99 3.23 5.15 39.82 
Stdev 15.60 1.93 3.80 0.32 0.66 0.43 0.66 7.43 
Stderr 3.49 0.43 0.85 0.07 0.15 0.10 0.15 1.66 
Skin (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 45.19 8.77 68.53 1.77 1.67 2.27 4.78 20.70 
Min 21.82 0.83 40.51 0.70 0.19 1.03 3.30 3.82 
Max 65.82 26.08 124.46 3.90 5.54 5.43 7.25 47.82 
Stdev 12.24 6.57 24.55 0.70 1.38 1.49 0.85 14.75 
Stderr 2.74 1.47 5.49 0.16 0.31 0.33 0.19 3.30 
Gills (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 85.12 167.59 47.20 4.22 67.65 3.46 9.31 129.55 
Min 59.32 109.18 41.56 3.10 39.74 2.43 8.00 82.82 
Max 118.32 209.43 59.46 5.10 111.99 5.33 11.05 193.82 
Stdev 17.48 25.41 5.31 0.53 20.37 0.64 0.88 30.51 
Stderr 3.91 5.68 1.19 0.12 4.55 0.14 0.20 6.82 
Min = minimum; Max = maximum; Stdev = standard deviation; Stderr = standard error 
Heavy metal data was collected from 0. mossambicus at Loskop Dam during winter (See 
Table 4.2.). Mean aluminium concentrations were highest in the liver at 102.87 pg/g 
followed by the gills (100.53 .tg/g), skin (28.65 .tg/g) and muscle (8.84 gg/g) 
concentrations respectively. High standard deviation and standard error values were 
observed for all four-tissue types. Mean strontium concentrations were at their highest in 
the gills at 173.29 pg/g with a marked decrease in concentrations observed for the skin 
(9.76 gg/g) followed by the muscle (7.61 tg/g) and liver (7.50 .tg/g) respectively. A 
similar trend was observed for standard deviation values with the highest value recorded 
for the gills at 27.51. A standard error value above 1 was only recorded for the gills at 
6.67. Mean zinc concentrations were highest in the skin at 43.74 pg/g, followed by the -
liver (24.24 gg/g), gills (19.42 µg/g) and muscle (9.45 µg/g) concentrations respectively. 
Standard deviation values were highest in the skin at 34.43. Standard error values 
remained low, only recording an elevated value for the skin at 8.35. Concentrations 
recorded for nickel were low in all four-tissue types, with the highest mean value 
recorded in the gills at 8.22 pg/g followed by the liver (5.92 gg/g), skin (3.06 .tg/g) and 
muscle (1.31 gg/g) concentrations respectively. Standard deviation and standard error 
values recorded for all four-tissue types remaining below or close to 1. Mean manganese 
concentrations were elevated in the gills at 67.48 .tg/g, followed by concentrations in the 
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skin (6.29 gg/g), liver (5.94 lig/g) and muscle (1.34 µg/g) respectively. Standard 
deviations were highest in the gills at 17.64 followed by the skin (2.82), liver (2.19) and 
muscle (1.34) respectively. Standard error values generally remained below 1 with a 
value of 4.28 recorded for the gills. Mean concentrations were recorded for copper in the 
liver at 42.42 gg/g as compared to the gills at 3.35 pig/g, skin at 2.49 lig/g and muscle at 
1.96 pig/g respectively. Standard deviations recorded for the gills, muscle and skin 
remained less than 1 with an elevated value recorded for the liver at 25.76. Likewise 
standard error values recorded for the gills, muscle and skin remained below 1 with an 
elevated value recorded for the liver at 6.44. Mean lead concentrations appeared elevated 
in the gills at 15.07 µg/g, followed by the liver at 7.27 gg/g, muscle at 3.8 gg/g and skin 
at 3.73 gg/g respectively. Standard deviation and standard error values recorded for the 
liver, muscle and skin remained below 1 with a standard deviation of 1.4 recorded for the 
gills. Mean iron concentrations were high, recording 1275.90 lig/g in the liver as 
compared to 202.78 nig in the skin, 181.43 gg/g in the gills and 54.81 pg/g in the 
muscle respectively. Elevated standard deviation and standard error values were recorded 
for all four-tissue types (See Table 4.2). 
Table 4.2. Table showing various statistical computations for eight metals, namely aluminium (Al), 
strontium (Sr), zinc (Zn), nickel (Ni), manganese (Mn), copper (Cu), lead (Pb) and iron (Fe) tested in four-
tissue types namely, liver, muscle, skin and gills. Tissue types chosen due to study by Du Preez and Steyn 
(1992). Tissue types were collected from 0. mossambicus at Loskop Dam during July 1996 (winter). 
Loskop Dam - winter 
n=17 
Liver (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 102.87 7.50 24.24 5.92 5.94 42.42 7.27 1275.90 
Min 38.42 1.63 15.20 4.76 3.05 6.29 6.45 481.86 
Max 252.32 18.70 44.07 8.51 9.75 95.68 8.17 2924.35 
Stdev 60.81 5.23 7.89 0.97 2.19 25.76 0.46 751.16 
Stderr 15.20 1.31 1.97 0.24 0.55 6.44 0.12 187.79 
Muscle (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 8.84 7.61 9.45 1.31 1.34 1.96 3.80 54.81 
Min 0.00 4.88 6.98 0.87 0.00 1.54 2.67 23.89 
Max 35.82 11.96 12.29 1.63 4.19 2.43 4.67 159.32 
Stdev 12.49 1.71 1.67 0.23 1.34 0.28 0.58 35.57 
Stderr 3.03 0.42 0.40 0.05 0.32 0.07 0.14 8.63 
Skin (ug/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 28.65 9.76 43.74 3.06 6.29 2.49 3.73 202.78 
Min 0.00 5.80 18.27 1.05 2.22 1.88 2.54 47.09 
Max 79.57 23.37 128.13 4.45 10.74 2.98 4.57 447.09 
Stdev 23.32 4.33 34.43 1.21 2.82 0.32 0.56 111.73 
Stderr 5.66 1.05 8.35 0.29 0.68 0.08 0.14 27.10 
Gills (WO Al Sr Zn Ni Mn Cu Pb Fe 
Mean 100.53 173.29 19.42 8.22 67.48 3.35 15.07 181.43 
Min 50.61 131.32 14.41 6.83 48.55 2.58 12.67 119.53 
Max 151.32 243.91 22.86 10.24 101.45 5.03 18.93 313.82 
Stdev 29.75 27.51 2.64 0.88 17.64 0.59 1.40 46.53 
Stderr 7.22 6.67 0.64 0.21 4.28 0.14 0.34 11.28 
Min = minimum; Max = maximum; Stdev = standard deviation; Stderr = standard error 
Heavy metal data was collected from 0. mossambicus at Loskop Dam during spring (See 
Table 4.3.). Mean aluminium concentrations were highest in the liver at 67.92 tg/g 
followed by the gills (60.81 tg/g), skin (38.24 .tg/g) and muscle (37.47 .tg/g) 
concentrations respectively. Large standard deviation and standard error values were 
observed for all four-tissue types recording the highest value for the liver at 60.81. Mean 
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strontium concentrations were highest in the gills at 94.36 nig with a marked decrease in 
concentrations observed for the liver (9.95 µg/g) followed by the skin (6.47 fig/g) and 
muscle (3.21 gg/g) concentrations respectively. A similar trend was observed for 
standard deviations with 13.63 recorded for the gills. Standard error values above 1 were 
recorded for the gills at 3.05 and for the liver at 2.17 respectively. Mean zinc 
concentrations were highest in the skin at 60.88 gg/g followed by the gills at 44.85 gg/g, 
liver at 44.54 gg/g and muscle at 12.42 gg/g respectively. Standard deviations were 
highest in the skin at 30.91. Standard error values remained low, only recording elevated 
values for the skin at 6.91 and for the liver at 3.83 respectively. Concentrations recorded 
for nickel were low in all four-tissue types, with the highest mean value recorded in the 
gills at 4.89 gg/g followed by the liver (2.17 gg/g), skin (1.49 gg/g) and muscle (1.11 
gg/g) concentrations respectively. Standard deviation and standard error values recorded 
for all four-tissue types remaining below or close to 1. Mean concentrations recorded for 
manganese were elevated in the gills at 65.46 gg/g, the second highest concentration was 
recorded in the liver at 5.88 gg/g followed by the skin (0.88 gg/g) and muscle (0.45 gg/g) 
concentrations respectively. Standard deviation was highest in the gills at 18.20 followed 
by values recorded for the liver (3.49), skin (1.27) and muscle (0.72) respectively. 
Standard error values generally remained below 1 with a value of 4.07 recorded for the 
gills. The highest mean concentration was recorded for copper in the liver at 27.81 pg/g 
as compared to the gills at 3.63 gg/g, skin at 2.03 gg/g and muscle at 2.00 gg/g 
respectively. Standard deviations below 1 were recorded for the gills, muscle and skin 
with an elevated value recorded for the liver at 30.27. Likewise standard error values 
below 1 were recorded for the gills, muscle and skin with an elevated value recorded for 
the liver at 6.77. Mean concentrations recorded for lead appeared elevated in the liver at 
10.3 pig/g, followed by the gills at 8.9 gg/g, muscle at 6.7 gg/g and skin at 4.98 gg/g 
respectively. Standard deviation and standard error values below 1 were recorded for the 
gills and muscle with a standard deviation of 1.48 recorded for skin and 11.71 for the 
liver respectively. Mean concentrations recorded for iron were high, recording the highest 
value in the liver at 795.19 pg/g as compared to 210.65 gg/g in the gills, 31.86 ggig in 
the skin and 28.35 gg/g in the muscle respectively. Elevated standard deviation and 
standard error values were recorded for all four-tissue types (See Table 4.3). 
Table 4.3. Table showing various statistical computations for eight metals, namely aluminium (Al), 
strontium (Sr), zinc (Zn), nickel (Ni), manganese (Mn), copper (Cu), lead (Pb) and iron (Fe) tested in 
four-tissue types namely, liver, muscle, skin and gills. Tissue types chosen due to study by Du Preez and 
Steyn (1992). Tissue types were collected from 0. mossambicus at Loskop Dant during October 1996 
(spring). 
Loskop Dam - spring 
n=20 
Liver (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 67.92 9.95 44.54 2.17 5.88 27.81 10.30 795.19 
Min 33.32 3.22 30.77 0.83 0.00 4.05 4.67 433.96 
Max 202.17 48.44 107.98 9.56 12.47 110.07 58.08 2255.63 
Stdev 39.30 9.71 17.13 1.90 3.49 30.27 11.71 476.44 
Stderr 8.79 2.17 3.83 0.42 0.78 6.77 2.62 106.54 
Muscle (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 37.47 3.21 12.42 1.11 0.45 2.00 6.07 28.35 
Min 17.55 2.26 7.71 0.76 0.00 1.18 4.90 15.69 
Max 58.22 10.88 23.77 1.38 2.96 3.99 7.10 101.31 
Stdev 11.85 1.86 3.78 0.19 0.72 0.65 0.57 18.12 
Stderr 2.65 0.42 0.85 0.04 0.16 0.15 0.13 4.05 
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Table 4.3. continued. 
Skin (fig/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 38.24 6.47 60.88 1.49 0.88 2.03 4.98 31.86 
Min 23.79 3.93 16.51 1.09 0.00 1.47 0.00 18.91 
Max 54.57 15.22 131.39 2.03 3.67 2.46 6.45 75.47 
Stdev 9.65 3.61 30.91 0.31 1.27 0.26 1.48 12.42 
Stderr 2.16 0.81 6.91 0.07 0.28 0.06 0.33 2.78 
Gills (pWg) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 60.81 94.36 44.85 4.89 65.46 3.63 8.90 210.65 
Min 34.32 63.15 34.96 4.11 39.80 3.03 7.69 127.70 
Max 121.18 112.87 54.91 5.53 107.09 4.29 10.60 362.20 
Stdev 19.85 13.63 5.89 0.38 18.20 0.33 0.86 56.81 
Stderr 4.44 3.05 1.32 0.09 4.07 0.07 0.19 12.70 
Min = minimum; Max = maximum; Stdev = standard deviation; Stderr = standard error 
Heavy metal concentrations were recorded from 0. mossambicus at Loskop Dam during 
summer (See Table 4.4.). Mean concentrations recorded for aluminium were the highest 
in the liver at 103.41 ttg/g followed by the gills (77.44 ttg/g), skin (60.82 µg/g) and 
muscle (37.10 ttg/g) concentrations respectively. High standard deviation and standard 
error values were observed for all four-tissue types. Mean strontium concentrations were 
the highest in the gills at 113.60 nig with a marked decrease in concentrations observed 
for the skin (5.99 tg/g) followed by the liver (4.81 ttg/g) and muscle (2.91 tg/g) 
respectively. A similar trend was observed for standard deviations with 20.26 recorded 
for the gills. A standard error value above 1 was recorded for the gills at 4.53. Mean zinc 
concentrations were highest in the skin (63.39 .tg/g) followed by the gills (37.32 .tg/g), 
liver (25.39 ttg/g) and muscle (9.08 .tg/g) respectively. Standard deviations were 
highest for the skin at 42.46. Standard error values remained low, only recording 
elevated values for the skin at 9.49 and for the gills at 2.36 respectively. Mean 
concentrations recorded for nickel were low in all four-tissue types, with the highest 
value recorded in the gills at 6.84 ttg/g. Standard deviation and standard error values 
below 1 were recorded for all four-tissue types. Mean manganese concentrations were 
elevated in the gills at 46.57 tg/g, with the second highest concentrations recorded in the 
liver (7.67 tg/g) followed by the muscle (1.76 ttg/g) and skin (1.28 tg/g) respectively. 
Standard deviations were highest in the gills at 14.02 followed by values recorded for 
the liver (2.59), muscle (2.56) and skin (0.97) respectively. Standard error values 
generally remained below 1 with a value of 3.13 recorded for the gills. The highest mean 
concentrations were recorded for copper in the liver at 42.84 ttg/g as compared to the 
gills at 3.78 tg/g, muscle at •1.78 ttg/g and skin at 1.73 ttg/g respectively. Standard 
deviations below 1 were recorded for the gills, muscle and skin with an elevated value 
recorded for the liver at 46.50. Likewise, standard error values below 1 were recorded 
for the gills, muscle and skin with an elevated value recorded for the liver at 10.40. 
Mean lead concentrations appeared elevated in the gills at 14.35 .tg/g, followed by the 
liver at 9.34 ttg/g, muscle at 6.58 ttg/g and skin at 6.30 nig respectively. Standard 
deviation and standard error values recorded for all four-tissue types remained close to 
or below 1. Mean iron concentrations were high, recording the highest values in the liver 
at 380.97 ttg/g as compared to 307.78 ttg/g in the gills, 46.12 nig in the skin and 36.58 
ttg/g in the muscle respectively. Elevated standard deviation and standard error values 
were recorded for all four-tissue types (See Table 4.4). 
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Table 4.4. Table showing various statistical computations for eight metals, namely aluminium (Al), 
strontium (Sr), zinc (Zn), nickel (Ni), manganese (Mn), copper (Cu), lead (Pb) and iron (Fe) tested in 
four-tissue types namely, liver, muscle, skin and gills. Tissue types chosen due to study by Du Preez and 
Steyn (1992). Tissue types were collected from 0. mossambicus at Loskop Dam during January 1997 
(summer). 
Loskop Dam - summer 
n=20 
Liver (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 103.41 4.81 25.39 0.64 7.67 42.84 9.34 380.97 
Min 23.32 1.77 17.79 0.09 3.84 3.97 4.28 82.99 
Max 287.49 11.84 52.71 2.78 12.22 162.94 12.00 740.82 
Stdev 61.34 2.22 8.01 0.58 2.59 46.50 1.79 194.52 
Stderr 13.72 0.50 1.79 0.13 0.58 10.40 0.40 43.50 
Muscle (tg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 37.10 2.91 9.08 0.62 1.76 1.78 6.58 36.58 
Min 23.82 1.79 5.98 0.00 0.13 1.00 5.35 10.57 
Max 62.74 4.23 13.81 1.37 9.34 3.13 8.25 102.22 
Stdev 9.91 0.76 2.06 0.40 2.56 0.61 0.71 20.78 
Stderr 2.22 0.17 0.46 0.09 0.57 0.14 0.16 4.65 
Skin (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 60.82 5.99 63.39 0.53 1.28 1.73 6.30 46.12 
Min 29.51 2.33 17.56 0.00 0.26 1.08 5.46 11.43 
Max 118.91 15.88 183.04 2.10 4.55 2.60 8.02 163.06 
Stdev 21.32 3.99 42.46 0.63 0.97 0.48 0.74 34.15 
Stderr 4.77 0.89 9.49 0.14 0.22 0.11 0.17 7.64 
Gills (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 77.44 113.60 37.32 6.84 46.57 3.78 14.35 307.78 
Min 34.38 82.53 20.69 5.85 23.21 2.88 12.72 207.51 
Max 188.80 157.04 62.24 8.02 86.23 4.64 16.57 493.88 
Stdev 38.14 20.26 10.54 0.65 14.02 0.45 1.08 83.14 
Stderr 8.53 4.53 2.36 0.15 3.13 0.10 0.24 18.59 
Min = minimum; Max = maximum; Stdev = standard deviation; Stderr = standard error 
Heavy metal data was collected from 0. mossambicus at Balule during winter (Table 
4.5.). Mean aluminium concentrations were highest in the gills at 698.40 tg/g followed 
by the liver (576.70 µg/g), skin (190.94 µg/g) and muscle (101.85 sg/g) concentrations 
respectively. High standard deviation and standard error values were observed for all 
four-tissue types. Mean strontium concentrations were highest in the gills at 272.49 gg/g 
with a marked decrease in concentrations observed for the liver (21.29 gg/g) followed by 
the skin (19.31 µg/g) and muscle (18.84 .tg/g) respectively. High standard deviations 
were recorded with the highest for the gills at 133.91. Standard error values above 1 were 
recorded for the gills at 29.95, liver at 4.32, muscle at 2.73 and skin at 2.70 respectively. 
Mean zinc concentrations were highest in the gills at 64.64 pg/g, followed by the liver 
(59.29 gg/g), skin (49.09 .tg/g) and muscle (18.10 gg/g) concentrations respectively. 
Standard deviations were highest for the liver at 33.12. Standard error values above 1 
were recorded for the liver (7.41), gills (3.17) and skin (2.87) respectively. Mean nickel 
concentrations were low in all four-tissue types, with the highest value recorded in the 
liver at 7.06 .tg/g. Standard deviations above 1 were recorded for the liver (5.30) and gills 
(1.88), with standard error values above 1 recorded for the liver at 1.18. Mean manganese 
concentrations were elevated in the gills at 65.56 .tg/g, the second highest concentrations 
was recorded in the liver (35.76 tg/g) followed by the skin (4.51 µg/g) and muscle (2 
.tg/g) respectively. Standard deviations were highest in the gills at 38.67, followed by 
values recorded for the liver (32.90), skin (2.94) and muscle (1.58) respectively. Standard 
error values generally remained below 1 with a value of 8.65 recorded for the gills and 
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7.36 for the liver respectively. The highest mean copper concentrations were recorded in 
the liver at 379.64 .tg/g as compared to the gills at 5.68 p.g/g, skin at 2.95 nig and 
muscle at 2.18 tig/g respectively. Standard deviations below 1 were recorded for the 
muscle and skin with an elevated value recorded for the liver at 454.47 and for the gills at 
1.39 respectively. Standard error values below 1 were recorded for the gills, muscle and 
skin with an elevated value recorded for the liver at 101.62. Mean lead concentrations 
appeared elevated in the liver at 48.13 gg/g and in the gills at 37.86 µg/g, followed by the 
skin at 14.33 nig and muscle at 3.77 nig respectively. The highest standard deviation 
was recorded for the liver at 64.51, followed by the gills at 24.44 and skin at 6.83 with a 
value below 1 recorded for the muscle at 0.57. Standard error values followed the same 
trend with 14.43 recorded for the liver, 5.46 for the gills, 1.53 for the skin and 0.13 for 
the muscle respectively. Mean concentrations recorded for iron were high, recording 
927.77 in the liver as compared to 792.52 tg/g in the gills, 105.95 nig in the skin 
and 15.15 nig in the muscle respectively. Elevated standard deviation and standard error 
values were recorded for all four-tissue types (See Table 4.5). 
Table 4.5. Table showing various statistical computations for eight metals, namely aluminium (Al), 
strontium (Sr), zinc (Zn), nickel (Ni), manganese (Mn), copper (Cu), lead (Pb) and iron (Fe) tested in four-
tissue types namely, liver, muscle, skin and gills. Tissue types chosen due to study by Du Preez and Steyn 
(1992). Tissue types were collected from 0. mossambicus at Balule in the Kruger National Park during 
July 1996 (winter). 
Balule - winter 
n=20 
Liver (nig) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 576.70 21.29 59.29 7.06 35.76 379.64 48.13 927.77 
Min 85.45 2.48 15.75 1.48 0.00 30.13 11.39 378.53 
Max 1618.02 62.98 160.91 20.95 107.87 2197.98 252.00 2189.21 
Stdev 486.46 19.33 33.12 5.30 32.90 454.47 64.51 513.26 
Stderr 108.78 4.32 7.41 1.18 7.36 101.62 14.43 114.77 
Muscle (ttg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 101.85 18.84 18.10 1.54 2.00 2.18 3.77 59.11 
Min 27.22 6.77 13.46 1.12 0.24 1.63 2.57 25.71 
Max 364.82 54.93 22.51 2.05 6.34 3.07 4.75 329.32 
Stdev 69.45 12.21 2.65 0.25 1.58 0.34 0.57 67.76 
Stderr 15.53 2.73 0.59 0.05 0.35 0.08 0.13 15.15 
Skin (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 190.94 19.31 49.09 1.82 4.51 2.95 14.33 105.95 
Min 39.47 3.42 25.78 1.25 0.00 1.73 6.46 27.25 
Max 394.47 52.01 71.86 2.71 11.14 4.46 29.60 263.38 
Stdev 105.40 12.06 12.82 0.42 2.94 0.78 6.83 59.05 
Stderr 23.57 2.70 2.87 0.09 0.66 0.17 1.53 13.20 
Gills (ttg/g)  Al Sr Zn Ni Mn Cu Pb Fe 
Mean 698.40 272.49 64.64 4.04 65.56 5.68 37.86 792.52 
Min 255.05 52.50 46.34 0.00 24.49 3.33 15.24 426.14 
Max 1804.09 564.98 96.57 6.46 152.11 9.15 107.08 1880.59 
Stdev 392.43 133.91 14.17 1.88 38.67 1.39 24.44 398.96 
Stderr 87.75 29.95 3.17 0.42 8.65 0.31 5.46 89.21 
Min = minimum; Max = maximum; Stdev = standard deviation; Stderr = standard error 
Heavy metal data was collected from 0. mossambicus at Mamba during winter (See 
Table 4.6.). Mean aluminium concentrations were the highest in the gills at 955.82 nig, 
followed by the liver (711.03 nig), skin (220.99 .tg/g) and muscle (77.92 nig) 
concentrations respectively. High standard deviation and standard error values were 
observed for all four-tissue types. Mean strontium concentrations were highest in the gills 
at 587.15 nig, with a marked decrease in concentrations observed for the liver (111.82 
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gg/g) followed by the skin (45.72 gg/g) and muscle (20.56 gg/g) concentrations 
respectively. High standard deviations were recorded for the gills at 319.23 and for the 
liver at 193.71 respectively. Standard error values were recorded at 71.38 for the gills, 
43.32 for the liver, 3.63 for the skin and 2.09 for the muscle respectively. Mean zinc 
concentrations were the highest in the liver (37.08 tg/g) followed by the gills (30.32 
µg/g), skin (29.96 gg/g) and muscle (9.31 mg/g) concentrations respectively. A high 
standard deviation was recorded for the liver at 17.97. Standard error values above 1 were 
recorded for the liver (4.02), skin (2.71) and gills (1.47) respectively. Mean nickel 
concentrations were low in all four-tissue types, with the highest values recorded in the 
gills at 13.39 gg/g. Standard deviations above 1 were recorded for the gills (6.02) and 
liver (4.96), with standard error values above 1 recorded for the gills at 1.35 and liver at 
1.11 respectively. Mean concentrations recorded for manganese were elevated in the gills 
at 60.75 gg/g, the second highest concentration was recorded in the liver (10.59 gg/g) 
followed by the skin (6.88 gg/g) and muscle (1.13 gg/g) respectively. Standard 
deviations were highest in the gills at 89.29, followed by values recorded for the liver 
(11.74), skin (7.45) and muscle (0.96) respectively. The highest standard error values was 
recorded at 19.97 for the gills, followed by 2.62 for the liver, 1.67 for the skin and 0.21 
for the muscle respectively. The highest mean copper concentrations were recorded in the 
liver at 681.18 gg/g as compared to the gills at 14.16 pg/g, the skin at 5.58 gg/g and the 
muscle at 2.24 gg/g respectively. A standard deviation above 1 was recorded for the liver 
at 1020.05, for the gills at 24.87 and the skin at 2.90 respectively. Standard error values 
below 1 were recorded for the muscle and skin with elevated values recorded for the liver 
at 228.10 and for the gills at 5.56 respectively. Mean lead concentrations appeared 
elevated in the gills at 32.03 .tg/g and in the liver at 24.52 tg/g respectively. The highest 
standard deviation was recorded for the liver at 30.96, followed by the gills at 16.71 and 
skin at 2.96, with a value below 1 recorded for the muscle at 0.61 respectively. Standard 
error values followed the same trend, with 6.92 recorded for the liver, 3.74 for the gills, 
0.66 for the skin and 0.14 for the muscle respectively. Mean iron concentrations were 
high, recording the highest value in the gills at 1028.75 gg/g as compared to 786.71 1.tg/g 
in the liver, 248.61 .tg/g in the skin and 67.59 tg/g in the muscle respectively. Elevated 
standard deviation and standard error values were recorded for all four-tissue types (See 
Table 4.6). 
Table 4.6. Table showing various statistical computations for eight metals, namely aluminium (Al), 
strontium (Sr), zinc (Zn), nickel (Ni), manganese (Mn), copper (Cu), lead (Pb) and iron (Fe) tested in four-
tissue types namely, liver, muscle, skin and gills. Tissue types chosen due to study by Du Preez and Steyn 
(1992). Tissue types were collected from 0. mossambicus at Mamba in the Kruger National Park during 
July 1996 (winter). 
Mamba - winter 
n=20 
Liver (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 	 . 711.03 111.82 37.08 6.08 10.59 681.18 24.52 786.71 
Min 0.00 10.26 21.16 2.01 0.00 13.87 5.67 164.40 
Max 6163.32 797.20 102.41 17.45 49.70 3193.98 147.50 7749.82 
Stdev 1371.99 193.71 17.97 4.96 11.74 1020.05 30.96 1654.00 
Stderr 306.80 43.32 4.02 1.11 2.62 228.10 6.92 369.86 
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Table 4.6. continued. 
Muscle (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 77.92 20.56 9.31 1.18 1.13 2.24 4.95 67.59 
Min 0.00 9.93 5.51 0.80 0.00 1.60 3.79 19.13 
Max 366.64 41.51 15.67 1.83 3.09 3.83 6.35 288.28 
Stdev 113.61 9.33 2.41 0.29 0.96 0.52 0.61 61.36 
Stderr 25.40 2.09 0.54 0.06 0.21 0.12 0.14 13.72 
Skin (Fig/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 220.99 45.72 29.96 2.31 6.88 5.58 7.93 248.61 
Min 0.00 22.48 15.54 1.23 0.65 3.23 4.51 57.25 
Max 730.09 85.43 62.26 4.16 27.03 16.37 15.83 833.15 
Stdev 191.55 16.22 12.10 0.80 7.45 2.90 2.96 207.24 
Stderr 42.83 3.63 2.71 0.18 1.67 0.65 0.66 46.34 
Gills (pWg) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 955.82 587.15 30.32 13.39 60.75 14.16 32.03 1028.75 
Min 169.01 215.23 20.95 8.28 13.05 5.56 14.65 288.71 
Max 3842.76 1168.87 47.13 34.39 377.77 118.87 90.56 4710.93 
Stdev 789.75 319.23 6.58 6.02 89.29 24.87 16.71 945.46 
Stderr 176.60 71.38 1.47 1.35 19.97 5.56 3.74 211.42 
Min = minimum; Max = maximum; Stdev = standard deviation; Stderr = standard error 
Heavy metal data was collected from B. marequensis at Bronkhorstspruit Dam during 
autumn (See Table 4.7.). Mean aluminium concentrations were highest in the gills at 
40.78 µg/g, followed by the liver (40.10 tg/g), skin (35.54 µg/g) and muscle (35.32 nig) 
concentrations respectively. High standard deviation and standard error values were 
observed for all four-tissue types. Mean strontium concentrations were highest in the gills 
at 185.09 ug/g with a marked decrease in concentrations observed in the muscle (8.67 
µg/g) followed by the skin (8.6 .tg/g) and liver (1.84 µg/g) respectively. High standard 
deviations were recorded with the highest for the gills at 43.60. The highest standard 
error value above 1 was recorded for the gills at 9.75. Mean zinc concentrations were 
highest in the skin (88.67tig/g) followed by the liver (64.25 ptg/g), gills (52.21 µg/g) and 
muscle (19.43 .tg/g) concentrations respectively. Standard deviations were highest in the 
skin at 35.04. Standard error values above 1 were recorded for the skin (7.84), liver (2.84) 
and gills (1.92) respectively. Mean concentrations recorded for nickel were low in all 
four-tissue types, with the highest values recorded in the gills at 4.16 .tg/g. Standard 
deviation and standard error values remained below 1 for all four-tissue types. Mean 
concentrations recorded for manganese were elevated in the gills at 40.04 .tg/g, the 
second highest concentration were recorded in the liver (6.76 µg/g) followed by the skin 
(0.85 µg/g) and muscle (0.25 µg/g) respectively. Standard deviations were highest for the 
gills at 9.58, followed by values recorded for the liver (2.52), skin (1.37) and muscle (0.4) 
respectively. The highest standard error value was recorded at 2.14 for the gills, the only 
value above 1. The highest mean concentration was recorded for copper in the liver at 
40.04 nig as compared to 4.10 ug/g in the gills, 3.51 nig in the muscle and 2.37 ug/g in 
the skin respectively. A high standard deviation was recorded above 1 for the liver at 
14.67. Standard error values below 1 were recorded for the gills, muscle and skin with an 
elevated value recorded for the liver at 3.28. Mean lead concentrations appeared elevated 
in the gills at 4.55 tig/g and in the liver at 2.58 µg/g, followed by the skin at 2.22 tg/g 
and muscle at 1.27 ligig respectively. The highest standard deviation was recorded for 
skin at 5.90 followed by the gills at 1.46. Values below 1 were recorded for the liver and 
muscle respectively. Standard error values above 1 were only recorded for the skin at 
1.32. Mean iron concentrations were high, with the highest value recorded in the liver at 
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231.76 gg/g as compared to 94.01 tg/g in the gills, 43.17 tg/g in the muscle and 41.82 
tg/g in the skin respectively. Elevated standard deviation and standard error values were 
recorded for all four-tissue types (See Table 4.7). 
Table 4.7. Table showing various statistical computations for eight metals, namely aluminium (Al), 
strontium (Sr), zinc (Zn), nickel (Ni), manganese (Mn), copper (Cu), lead (Pb) and iron (Fe) tested in four-
tissue types namely, liver, muscle, skin and gills. Tissue types chosen due to study by Du Preez and Steyn 
(1992). Tissue types were collected from B. marequensis at Bronkhorstspruit Dam during April 1996 
(autumn). 
Bronkhorstspruit Dam - autumn 
n=20 
Liver (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 40.10 1.84 64.25 1.09 6.76 32.93 2.58 231.76 
Min 10.82 0.88 41.91 0.29 3.57 14.78 1.19 121.32 
Max 222.32 4.86 98.12 4.40 12.89 56.16 4.88 642.89 
Stdev 49.69 0.85 12.69 0.87 2.52 14.67 0.79 124.90 
Stderr 11.11 0.19 2.84 0.19 0.56 3.28 0.18 27.93 
Muscle (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 35.32 8.67 19.43 2.30 0.25 3.51 1.27 43.17 
Min 23.32 3.94 13.32 1.65 0.00 2.26 0.00 25.07 
Max 65.15 12.58 26.96 2.92 1.38 5.53 3.05 69.32 
Stdev 10.75 2.61 4.08 0.33 0.40 0.90 0.84 13.31 
Stderr 2.40 0.58 0.91 0.07 0.09 0.20 0.19 2.98 
Skin (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 35.54 8.60 88.67 1.72 0.85 2.37 2.22 41.82 
Min 10.20 4.83 36.36 1.20 0.00 1.63 0.00 21.82 
Max 79.69 16.42 171.16 2.98 5.64 3.71 20.79 107.82 
Stdev 18.01 2.66 35.04 0.39 1.37 0.48 5.90 19.45 
Stderr 4.03 0.59 7.84 0.09 0.31 0.11 1.32 4.35 
Gills (pWg) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 40.28 185.09 52.21 4.16 40.04 4.10 4.55 94.01 
Min 13.17 112.98 39.06 2.80 25.84 3.37 2.31 71.32 
Max 82.25 317.01 67.49 6.50 62.56 6.54 7.43 131.25 
Stdev 16.76 43.60 8.58 0.70 9.58 0.70 1.46 19.34 
Stderr 3.75 9.75 1.92 0.16 2.14 0.16 0.33 4.33 
Min = minimum; Max = maximum; Stdev = standard deviation; Stderr = standard error 
Heavy metal data was collected from B. marequensis at Bronkhorstspruit Dam during 
winter (See Table 4.8.). Mean aluminium concentrations were the highest in the skin at 
119.94 gg/g, followed by the gills (63.21 gg/g), liver (41.74 gg/g) and muscle (39.21 
.tg/g) concentrations respectively. High standard deviation and standard error values 
were observed for all four-tissue types. Mean strontium concentrations were the highest 
in the gills at 120.49 .tg/g, with a marked decrease in concentrations observed for the skin 
(14.09 µg/g) followed by the muscle (3.17 pg/g) and liver (2.52 µg/g) respectively. High 
standard deviations were recorded at 31.11 for the gills and 13.31 for the skin 
respectively. Standard error values were recorded for the gills at 6.96, with 2.98 for the 
skin, 0.33 for the muscle and 0.14 for the liver respectively. Mean zinc concentrations 
were the highest in the skin (124.95p.g/g) followed by the liver (64.24 gg/g), gills (53.20 
pg/g) and muscle (18.00 pg/g) concentrations respectively. Standard deviations were the 
highest for the skin at 56.04 followed by 10.92 for the liver, 9.56 for the gills and 4.10 for 
the muscle respectively. Standard error values above 1 was recorded for the skin (12.53), 
liver (2.44) and gills (2.14) respectively. Mean nickel concentrations were low in all four-
tissue types, with the highest values recorded in the gills at 3.52 pg/g. Standard deviation 
and standard error values below 1 were recorded for all four-tissue types. Mean 
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manganese concentrations were elevated in the gills at 28.45 pig/g, the second highest 
concentration was recorded in the liver (4.55 nig), followed by the skin (0.97 p.g/g) and 
muscle (0.76 p.g/g) respectively. Standard deviations were the highest in the gills at 
13.13, followed by the liver (1.38), skin (0.57) and muscle (0.44) respectively. The 
highest standard error was recorded at 2.94 for the gills, the remaining values for liver, 
skin and muscle were below 1. The highest mean copper concentration was recorded in 
the liver at 33.71 pg/g as compared to 5.20 pg/g in the gills, 3.34 p.g/g in the skin and 
2.67 p.g/g in the muscle respectively. High standard deviations above 1 were recorded 
for the liver at 24.57 and for the gills at 1.21 respectively. Standard error values below 1 
were recorded for the gills, muscle and skin with an elevated value recorded for the liver 
at 5.50. Mean lead concentrations appeared elevated in the skin at 8.57 nig and in the 
gills at 7.06 µg/g, followed by concentrations in the muscle at 0.99 p.g/g and the liver at 
0.91 p.g/g respectively. The highest standard deviation was recorded for the skin at 1.46 
with values below 1 recorded for the liver and muscle respectively. Standard error values 
below 1 were recorded for all four-tissue types. Mean iron concentrations were high, 
recording the highest values in the liver at 173.67 gg/g as compared to 156.05 pg/g in the 
gills, 45.41 p.g/g in the skin and 29.30 tg/g in the muscle respectively. Elevated standard 
deviation and standard error values were recorded for all four-tissue types (See Table 
4.8). 
Table 4.8. Table showing various statistical computations for eight metals, aluminium (Al), strontium (Sr), 
zinc (Zn), nickel (Ni), manganese (Mn), copper (Cu), lead (Pb) and iron (Fe) tested in four-tissue types 
namely, liver, muscle, skin and gills. Tissue types chosen due to study by Du Preez and Steyn (1992). 
Tissue types were collected from B. marequensis at Bronkhorstspruit Dam during July 1996 (winter). 
Bronkhorstspruit Dam - winter 
n=20 
Liver (nig) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 41.74 2.52 64.24 0.80 4.55 33.71 0.91 173.67 
Min 18.71 1.48 49.52 0.28 2.29 15.78 0.00 68.27 
Max 63.06 3.83 84.65 1.55 8.29 103.69 2.82 320.97 
Stdev 13.20 0.61 10.92 0.33 1.38 24.57 0.76 71.34 
Stderr 2.95 0.14 2.44 0.07 0.31 5.50 0.17 15.95 
Muscle (pig/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 39.21 3.17 18.00 1.63 0.76 2.67 0.99 29.30 
Min 18.62 1.53 12.63 1.20 0.44 1.82 0.28 19.16 
Max 56.82 6.48 28.86 1.95 1.42 3.23 1.45 51.32 
Stdev 12.59 1.47 4.10 0.22 0.28 0.44 0.36 7.72 
Stderr 2.82 0.33 0.92 0.05 0.06 0.10 0.08 1.73 
Skin (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 119.94 14.09 124.95 1.22 0.97 3.34 8.57 45.41 
Min 72.32 2.46 52.41 0.62 0.57 2.68 7.00 23.38 
Max 222.43 60.08 242.91 2.27 1.88 4.45 13.04 101.82 
Stdev 35.30 13.32 56.04 0.37 0.29 0.46 1.46 18.67 
Stderr 7.89 2.98 12.53 0.08 0.07 0.10 0.33 4.17 
Gills (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 63.21 120.49 53.20 3.52 28.45 5.20 7.06 156.05 
Min 39.18 67.48 39.06 2.70 9.80 3.79 5.33 103.82 
Max . 95.29 182.23 77.05 4.95 55.60 9.23 9.58 236.24 
Stdev 17.23 31.11 9.56 0.62 13.13 1.21 1.02 41.32 
Stderr 3.85 6.96 2.14 0.14 2.94 0.27 0.23 9.24 
Min = minimum; Max = maximum; Stdev = standard deviation; Stderr = standard error 
Heavy metal data was collected from B. marequensis at Bronkhorstspruit Dam during 
spring (See Table 4.9.). Mean aluminium concentrations were the highest in the gills at 
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133.63 psis, followed by the liver (54.74 nig), skin (33.18 pg/g) and muscle (31.48 
tg/g) concentrations respectively. High standard deviation and standard error values 
were observed for all four-tissue types. Mean strontium concentrations were the highest 
in the gills at 154.74 pg/g with a marked decrease in concentrations observed for the skin 
(7.61 µg/g) followed by the muscle (7.43 nig) and liver (6.80 .tg/g) respectively. High 
standard deviations were recorded with the highest for the gills at 54.21, values decreased 
to 3.04 for the skin, 2.35 for the muscle and 1.79 for the liver respectively. A standard 
error value above 1 was recorded for the gills at 12.12. The mean zinc concentration was 
the highest in the skin (108.08 .tg/g) followed by the liver (33.73 pg/g), gills (31.60 µg/g) 
and muscle (8.98 tg/g) respectively. Standard deviation was the highest in the skin at 
71.30, followed by the liver at 8.50, gills at 4.48 and muscle at 2.63 respectively. 
Standard error values above 1 were recorded for the skin (15.94) and liver (1.90) 
respectively. Mean nickel concentrations were low in all four-tissue types, with the 
highest value recorded in the gills at 5.83 pg/g. A standard deviation above 1 was 
recorded for the gills at 1.94 with standard error values all recorded below 1. The mean 
manganese concentration was elevated in the gills at 35.17 µg/g, the second highest 
concentration was recorded in the liver (6.73 tg/g) followed by the skin (1.33 µg/g) and 
muscle (0.91 .ig/g) respectively. Standard deviation was the highest in the gills at 11.27, 
followed by values recorded for the liver (3.74), skin (2.68) and muscle (0.46) 
respectively. The highest standard error value was recorded for the gills at 2.52, with the 
liver, skin and muscle recording values below 1. The highest copper concentration was 
recorded in the liver at 16.76 .tg/g as compared to 5.06 pg/g in the gills, 2.83 pg/g in the 
muscle and 2.41 nig in the skin respectively. A high standard deviation was recorded 
for the liver at 17.92, with values below 1 recorded for the gills, skin and muscle 
respectively. Standard error values below 1 were recorded for the gills, muscle and skin, 
with an elevated value recorded for the liver at 4.01. Mean lead concentrations appeared 
elevated in the gills at 9.41 tg/g and in the skin at 5.44 µg/g, followed by the muscle at 
4.71 tg/g and liver at 4.50 pg/g respectively. The highest standard deviation was 
recorded for the gills at 1.76, followed by the liver at 1.44 and the skin at 1.26 with a 
value below 1 recorded for the muscle at 0.71 respectively. Standard error values below 1 
were recorded for all four-tissue types. Mean iron concentrations were high, recording the 
highest value in the gills at 203.30 tg/g as compared to 115.80 psis in the liver, 34.85 
p.g/g in the skin and 34.01 tg/g in the muscle respectively. Elevated standard deviation 
and standard error values were recorded for all four-tissue types (See Table 4.9). 
Table 4.9. Table showing various statistical computations for eight metals, namely aluminium (Al), 
strontium (Si), zinc (Zn), nickel (Ni), manganese (Mn), copper (Cu), lead (Pb) and iron (Fe) tested in four-
tissue types namely, liver, muscle, skin and gills. Tissue types chosen due to study by Del Preez and Steyn 
(1992). Tissue types were collected from B. Marequensis at Bronkhorstspruit Dam during October 1996 
(spring). 
Bronkhorstspruit Dam - spring 
n=20 
Liver (nig) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 54.74 6.80 33.73 0.33 6.73 16.76 4.50 115.80 
Min 23.82 3.78 17.61 0.00 0.65 1.88 2.36 26.56 
Max 123.81 10.33 55.02 0.99 18.84 89.48 8.82 237.82 
Stdev 26.61 1.79 8.50 0.28 3.74 17.92 1.44 52.60 
Stderr 5.95 0.40 1.90 0.06 0.84 4.01 0.32 11.76 
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Table 4.9. continued. 
Muscle (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 31.48 7.43 8.98 1.97 0.91 2.83 4.71 34.01 
Min 0.00 2.21 5.21 1.30 0.42 1.58 3.80 15.39 
Max 118.80 11.38 18.07 2.47 2.04 5.03 6.63 141.82 
Stdev 28.60 2.35 2.63 0.31 0.46 0.89 0.71 27.14 
Stderr 6.40 0.52 0.59 0.07 0.10 0.20 0.16 6.07 
Skin (ug/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 33.18 7.61 108.08 0.86 1.33 2.41 5.44 34.85 
Min 6.73 3.26 18.73 0.34 0.29 1.81 4.25 20.69 
Max 77.32 15.12 235.00 1.75 12.66 6.27 10.49 85.06 
Stdev 23.13 3.04 71.30 0.34 2.68 0.94 1.26 14.70 
Stderr 5.17 0.68 15.94 0.08 0.60 0.21 0.28 3.29 
Gills (Fig/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 133.63 154.74 31.60 5.83 35.17 5.06 9.41 203.30 
Min 76.82 94.59 23.91 3.60 9.27 4.29 7.00 124.82 
Max 208.58 311.08 40.97 12.12 55.99 6.52 13.72 312.32 
Stdev 43.81 54.21 4.48 1.94 11.27 0.59 1.76 49.34 
Stderr 9.80 12.12 1.00 0.43 2.52 0.13 0.39 11.03 
Min = minimum; Max = maximum; Stdev = standard deviation; Stderr = standard error 
Heavy metal data was collected for B. marequensis at Bronkhorstspruit Dam during 
summer (See Table 4.10.). Mean aluminium concentrations were the highest in the gills 
at 154.26 .tg/g followed by the liver (75.80 µg/g), skin (63.29 psis) and muscle (20.17 
µg/g) concentrations respectively. High standard deviation and standard error values 
were observed for all four-tissue types. Mean strontium concentrations were the highest 
in the gills at 159.35 nig with a marked decrease in concentrations observed for the liver 
(7.29 µg/g) followed by the muscle (6.69 µg/g) and skin (4.93 µg/g) respectively. High 
standard deviations were recorded with the highest for the gills at 25.35. A standard error 
value was recorded for the gills at 5.66, with values below 1 for the liver, skin and muscle 
respectively. Mean zinc concentrations were the highest in the skin (159.89 pg/g) 
followed by the liver (82.58 pg/g), gills (53.39 µg/g) and muscle (15.73 psis) 
respectively. Standard deviation was the highest for the skin at 59.61, followed by the 
liver at 25.98, the gills at 5.21 and the muscle at 15.73 respectively. Standard error values 
above 1 were recorded for the skin (13.33), liver (5.81) and gills (1.16) respectively. 
Mean nickel concentrations were low in all four-tissue types, with the highest value 
recorded in the gills at 7.00 ps/g. Standard deviation values above 1 were recorded for 
the gills at 1.31 with all standard error values recorded below 1. The mean manganese 
concentration was elevated in the gills at 33.92 µg/g, the second highest concentration 
was recorded in the liver (8.53 pg/g) followed by the skin (0.81 pg/g) and muscle (0.61 
pg/g) respectively. Standard deviation was the highest for the gills at 17.72, followed by 
values recorded for the liver (4.98), skin (1.43) and muscle (0.44) respectively. The 
highest standard error value was recorded at 3.96 for the gills, followed by 1.11 for the 
liver, 0.32 for the skin and 0.10 for the muscle respectively. The highest mean copper 
concentration was recorded for the liver at 50.63 pg/g, as compared to 4.27 nig in the 
gills, 3.39 pg/g in the skin and 1.25 psis in the muscle respectively. A high standard 
deviation was recorded for the liver at 35.03 and for the skin at 7.91 respectively. 
Standard error values below 1 were recorded for the gills and muscle with elevated values 
recorded for the liver at 7.83 and the skin at 1.77 respectively. Mean lead concentrations 
appeared elevated in the gills at 8.10 pg/g and in the liver at 2.68 pg/g, followed by the 
muscle at 1.28 pg/g and the skin at 0.24 psis respectively. The highest standard 
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deviation was recorded for the gills at 2.17 followed by the liver at 1.16. Values below 1 
were recorded for the muscle at 0.69 and the skin at 0.045 respectively. Standard error 
values below 1 were recorded for all four-tissue types. Mean iron concentrations were 
high, recording the highest in the gills at 450.15 nig as compared to 261.66 iig/g in the 
liver, 39.19 ig/g in the skin and 25.01 p.g/g in the muscle respectively. Elevated standard 
deviation and standard error values were recorded for all four-tissue types (See Table 
4.10). 
Table 4.10. Table showing various statistical computations for eight metals, namely aluminium (Al), 
strontium (Sr), zinc (Zn), nickel (Ni), manganese (Mn), copper (Cu), lead (Pb) and iron (Fe) tested in four-
tissue types namely, liver, muscle, skin and gills. Tissue types chosen due to study by Du Preez and Steyn 
(1992). Tissue types were collected from B. marequensis at Bronkhorstspruit Dam during January 1997 
(summer). 
Bronkhorstspruit Dam -summer 
n=20 
Liver (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 75.80 7.29 82.58 1.27 8.53 50.63 2.68 261.66 
Min 27.82 3.48 55.83 0.55 1.85 17.22 1.17 121.32 
Max 211.28 18.50 155.25 2.66 19.77 169.16 5.74 655.62 
Stdev 46.31 4.42 25.98 0.58 4.98 35.03 1.16 130.35 
Stderr 10.36 0.99 5.81 0.13 1.11 7.83 0.26 29.15 
Muscle (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 20.17 6.69 15.73 0.39 0.61 1.25 1.28 25.01 
Min 3.08 4.88 11.52 0.00 0.00 0.68 0.14 10.71 
Max 47.32 8.99 21.26 0.89 1.58 2.11 3.16 65.66 
Stdev 10.31 1.25 2.95 0.32 0.44 0.32 0.69 13.97 
Stderr 2.31 0.28 0.66 0.07 0.10 0.07 0.16 3.12 
Skin (ug/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 63.29 4.93 159.89 0.46 0.81 3.39 0.24 39.19 
Min 12.32 2.90 37.31 0.00 0.00 0.90 0.00 12.82 
Max 118.45 10.78 253.82 0.85 6.73 36.73 1.63 103.82 
Stdev 31.55 1.64 59.61 0.24 1.43 7.91 0.45 23.59 
Stderr 7.06 0.37 13.33 0.05 0.32 1.77 0.10 5.27 
Gills (pg/g) Al Sr Zn Ni Mn Cu Pb Fe 
Mean 154.26 159.35 53.39 7.00 33.92 4.27 8.10 450.15 
Min 66.32 89.83 44.76 5.53 12.49 3.61 4.53 310.20 
Max 319.47 197.73 63.24 9.46 89.29 5.32 12.13 679.54 
Stdev 60.38 25.32 5.21 1.31 17.72 0.44 2.17 93.48 
Stderr 13.50 5.66 1.16 0.29 3.96 0.10 0.49 20.90 
Min = minimum; Max = maximum; Stdev = standard deviation; Stderr = standard error 
4.3.2. ANOVA 
0. mossambicus 
Significant differences were recorded for manganese, copper, zinc, nickel, iron and lead 
in 0. mossambicus collected at Loskop Dam, Mamba and Balule when the liver was 
compared with the different seasons. Significant differences were observed during the 
autumn-winter comparison for nickel, manganese and lead; during the autumn-spring 
comparison for zinc; during the autumn-summer comparison for nickel; during the 
winter-spring comparison for zinc, nickel, manganese and copper; during the winter-
summer comparisons for zinc and iron; and during the spring-summer comparison for 
zinc and nickel. A high P-value of 0.013 was recorded for nickel during the spring- 
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summer comparison, and at 0.045 for iron during the winter-summer comparison, with a 
P-value of 0.014 recorded for all lead liver combinations. A P-value of 0.044 was 
recorded for copper during the winter-spring comparison, and 0.037 and 0.027 were 
recorded for manganese during the autumn-winter and winter-spring comparisons 
respectively (See Table 4.11 and 4.12). No significant difference was recorded for 
aluminium in 0. mossambicus when the muscle was compared with the different seasons, 
with a very high P-value recorded for manganese at 0.049 during the spring-summer 
comparison. Significant differences were recorded during the autumn-winter comparison 
for strontium, zinc, nickel and iron; during the autumn-spring comparison for strontium, 
zinc, nickel and manganese; during the autumn-summer comparison for strontium, nickel 
and lead; during the winter-spring comparison for strontium, nickel, manganese, copper, 
lead and iron; during the winter-summer comparison for strontium, zinc, nickel and lead; 
and during the spring-summer comparison for zinc, nickel and manganese. A high P-
value was recorded for zinc at 0.010 during the spring-summer comparison, with 0.027 
recorded during the autumn-winter comparison and 0.037 during the winter-spring 
comparison for zinc (See Table 4.11 and 4.12). A P-value of concern was recorded for 
nickel in 0. mossambicus when the skin was compared with the different seasons at 
0.038 during the autumn-winter comparison. Significant differences were recorded for 
skin during the autumn-winter comparison for aluminium, strontium, zinc, nickel, 
manganese, copper, lead and iron; during the autumn-summer comparison for nickel and 
iron; during the winter-spring comparison for aluminium, strontium, nickel, manganese, 
copper, lead and iron; during the winter-summer comparison for aluminium, strontium, 
nickel, manganese, copper, lead and iron; and during the spring-summer comparison for 
nickel. No significant differences were observed for skin when autumn and spring were 
compared (See Table 4.11 and 4.12). No significant difference was observed for copper 
and manganese in 0. mossambicus when the gills were compared with the different 
seasons. Significant differences were recorded during the autumn-winter comparison for 
aluminium, strontium, nickel, lead and iron; during the autumn-spring comparison for 
nickel; during the autumn-summer comparison for zinc and nickel; during the winter-
spring comparison for aluminium, strontium, nickel, lead and iron; during the winter-
summer comparison for aluminium, strontium, lead and iron; during the spring-summer 
comparison for nickel (See Table 4.11 and 4.12). 
Table 4.11. Table showing the significant P-values recorded during ANOVA testing of data collected from 
0. mossambicus, caught at Loskop.Dam, Mamba and Balule combined. Data was tested for eight metals, 
namely, aluminium (Al), strontium (Sr), zinc (Zn), nickel (Ni), copper (Cu), iron (Fe), lead (Pb) and 
manganese (Mn), in four-tissue types, namely, liver, muscle, skin and gills. Data was collected during 
April 1996 (autumn), July 1996 (winter), October 1996 (spring) and January 1997 (summer). The P-
values highlighted in bold or italic, indicate values recorded above 0.000. 
Legend Al Sr Zn Ni Cu Fe Pb Mn 
Liver 0.000 0.000 0.044 0.045 0.014 0.027 
0.001 0.013 0.037 
Muscle 0.000 0.000 0.000 0.037 0.000 0.049 
0.010 0.002 0.027 
Skin 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 
0.002 0.038 0.003 0.038 0.018 
Gills 0.000 0.000 0.004 0.000 0.000 0.000 
0.001 0.001 
0.011 
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Table 4.12. Table showing the metal concentrations in each tissue type collected from 0. mossambicus at 
Loskop Dam, Balule and Mamba, which recorded significant differences when compared with different 
seasons separately. The tissue types highlighted in bold or italic recorded P-values above 0.000. The P-
values recorded for each tissue type can be read from Table 4.11. 
Legend Autumn Winter Spring Summer 
Autumn Al s/g; Sr s/m/g; Zn m/s; Ni l/m/s/g; 
Mn /is; Cu s; Pb //s/g; Fe m/s/g 
Sr m; Zn I/m; Ni m/g; Pb m Sr m; Zn g; Ni I/m/s/g; Pb m; Fe s 
Winter Al s/g; Sr s/m/g; Zn I; Ni l/m/s/g; 
Mn 1/s; Cu I/s; Pb m/s/g; Fe m/s/g 
Al s/g; Sr s/m/g; Zn 1/m; Ni m/s; 
Mn s; Cu s; Pb m/s/g; Fe I/s/g 
Spring Zn I/m; Ni 1/m/s/g; Mn m 
Summer 
B. marequensis 
Significant differences were recorded for all eight metals in B. marequensis collected at 
Bronkhorstspruit Dam when the liver was compared with the different seasons. High P-
values were recorded for aluminium at 0.026 during all comparisons. High P-values were 
recorded for strontium at 0.035 during the autumn-winter comparison, for zinc at 0.048 
during the autumn-summer comparison and at 0.042 for the same metal during the 
winter-summer comparison respectively. A High P-value of 0.018 was recorded for 
nickel during the winter-summer comparison, for iron at 0.035 during the winter-spring 
comparison and for manganese at 0.013 during the winter-summer comparison 
respectively. Significant differences were recorded for liver during the autumn-winter 
comparison for strontium, manganese and lead; during the autumn-spring comparison for 
strontium, zinc, nickel, lead and iron; during the autumn-summer comparison for 
strontium and zinc; during the winter-spring comparison for strontium, zinc, nickel, lead 
and iron; during the winter-summer comparison for aluminium, strontium, zinc, nickel, 
manganese and lead; and during the spring-summer comparison for zinc, nickel, copper, 
lead and iron (See Table 4.13 and 4.14). Significant differences were recorded for all 
eight metals in B. marequensis collected at Bronkhorstspruit Dam when the muscle was 
compared with the different seasons. High P-values were recorded for aluminium at 
0.013 during all comparisons, for strontium at 0.029 during the autumn-summer 
comparison, for iron at 0.017 during all comparisons, and for zinc at 0.014 during the 
autumn-summer comparison respectively. Significant differences were recorded in 
muscle during the autumn-winter comparison for strontium, nickel, manganese and 
copper; during the autumn-spring comparison for zinc, nickel, manganese and lead; 
during the autumn-summer comparison for strontium, zinc, nickel, copper and iron; 
during the winter-spring comparison for strontium, zinc, nickel, copper and lead; during 
the winter-summer comparison for aluminium, strontium and nickel; during the spring-
summer comparison for zinc, nickel, copper and lead (See Table 4.13 and 4.14). 
Significant differences were not recorded for copper, iron or manganese in the skin of B. 
marequensis collected at Bronkhorstspruit Dam when the different seasons were 
compared. High P-values were recorded for strontium at 0.036 during the winter-summer 
comparison, for zinc at 0.046 during the spring-summer comparison and for nickel at 
0.018 during the winter-summer comparison respectively. Significant differences were 
recorded in skin during the autumn-winter comparison for aluminium, nickel and lead; 
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during the autumn-spring comparison for zinc and nickel; during the autumn-summer 
comparison for aluminium, strontium and nickel; during the winter-spring comparison for 
aluminium, nickel and lead; during the winter-summer comparison for aluminium, 
strontium, nickel and lead and during the spring-summer comparison for aluminium, 
strontium, zinc, nickel and lead (See Table 4.13 and 4.14). Significant differences were 
not recorded for manganese in the gills of B. marequensis collected at Bronkhorstspruit 
Dam when the different seasons were compared. High P-values were recorded for nickel 
at 0.025 during the autumn-winter comparison, for copper at 0.023 during the winter-
summer comparison and for iron at 0.013 during the winter-spring comparison 
respectively. Significant values were recorded in gills during the autumn-winter 
comparison for aluminium, strontium, nickel, copper, lead and iron; during the autumn-
spring comparison for aluminium, zinc, nickel, copper, lead and iron; during the autumn-
summer comparison for aluminium, nickel, lead and iron; during the winter-summer 
comparison for aluminium, strontium, nickel, copper and iron; and during the spring-
summer comparison for zinc, copper and iron (See Table 4.13 and 4.14). 
Table 4.13. Table showing the significant P-values recorded during ANOVA testing of data collected from 
B. marequensis, caught at Bronkhorstspruit Dam. Data was tested for eight metals, namely, aluminium 
(Al), strontium (Sr), zinc (Zn), nickel (Ni), copper (Cu), iron (Fe), lead (Pb) and manganese (Mn), in four-
tissue types, namely, liver, muscle, skin and gills. Data was collected during April 1996 (autumn), July 
1996 (winter), October 1996 (spring) and January 1997 (summer). The P-values highlighted in bold, italic 
or underlined indicate values recorded above 0.000. 
Legend Al Sr Zn Ni Cu Fe Pb Mn 
Liver 0.026 0.000 0.000 0.000 0.000 0.004 0.000 0.013 
0.035 0.048 0.007 0.035 0.001 0.010 
0.001 0.042 0.018 0.001 
Muscle 0.013 0.000 0.000 0.000 0.000 0.017 0.000 0.000 
0.029 0.014 0.010 0.005 
0.002 
Skin 0.000 0.000 0.046 0.000 0.000 
0.011 0.036 0.002 0.001 0.001 
0.009 0.010 0.018 
Gills 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.001 0.001 0.008 0.009 0.013 
0.025 0.023 
Table 4.14. Table showing the metal concentrations in each tissue type collected from B. marequensis, 
caught at Bronkhorstspruit Dam, which recorded significant differences when compared with different 
seasons separately. The tissue types highlighted in bold, italic or underlined recorded P-values above 
0.000. The P-values recorded for each tissue type can be read from Table 4.25. 
Legend Autumn Winter Spring Summer 
Autumn Al s/g; Sr Um/g; Ni m/s/g; Mn 
//m; Cu m/g; Pb l/s/g; Fe g 
Al g; Sr I; Zn Um/s/g; Ni Um/s/g; 
Mn m; Cu g; Pb l/m/g; Fe 1/g 
Al 	 s/g; Sr I/m/s; 	 Zn 	 Um; Ni 
m/s/g; Cu m; Pb g; Fe m/g 
Winter . Al 	 s/g; 	 Sr 	 I/m; 	 Zn 	 I/m/g; 	 Ni 
II mIsIg; Cu m; Pb l/m/s/g; Fe Ug 
Al Um/s/g; Sr //in/s/g; Zn I; Ni 
1/m/s/g; Mn I; Cu g; Pb 1/s; Fe g 
Spring Al s; Sr s; Zn 1/m/s/g; Ni 1/m./s; 
Cu l/m/g; Pb I/m/s; Fe //g 
Summer 
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4.3.3. MANOVA 
0. mossambicus 
No significant difference was recorded for copper, aluminium and strontium when 
seasons were compared. A significant difference was only recorded for zinc when gender 
was compared (See Table 4.15). 
Table 4.15. Table showing significance levels for seasons and gender obtained after MANOVA testing of 
data collected from 0. mossambicus caught at Loskop Dam, Mamba and Balule. Data was combined for 
eight metals namely, aluminium (Al), strontium (Sr), zinc (Zn), nickel (Ni), copper (Cu), iron (Fe), lead 
(Pb) and manganese (Mn), in four-tissue types, namely, liver, muscle, skin and gills. Significant P-values 
0.001 are indicated in bold. 
Legend Al Sr Zn Ni Cu Fe Pb Mn 
Seasons 0.960 0.647 0.000 0.000 0.410 0.000 0.000 0.001 
Gender 0.445 0.215 0.001 0.184 0.173 0.745 0.003 0.875 
marequensis 
When data collected at Bronkhorstspruit Dam was used, significant differences were 
recorded for all eight metals for seasons. Significant differences were only recorded for 
aluminium, strontium and lead for gender (See Table 4.16). 
Table 4.16. Table showing significance levels for seasons and gender obtained after MANOVA testing of 
data collected from B. marequensis caught at Bronkhorstspruit Dam. Data was combined for eight metals 
namely, aluminium (Al), strontium (Sr), zinc (Zn), nickel (Ni), copper (Cu), iron (Fe), lead (Pb) and 
manganese (Mn), in four-tissue types, namely, liver, muscle, skin and gills. Significant P-values _5"0.001 
are indicated in bold. 
Legend Al Sr Zn Ni Cu Fe Pb Mn 
Season 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Gender 0.001 0.000 0.023 0.108 0.150 0.748 0.000 0.463 
4.4. Discussion  
4.4.1. Aluminium (Al) 
Descriptive statistics 
The toxic effects of aluminium on fish are dependant on the species and life stage of the 
organism (Mount, Hockett and Gren, 1988). Aluminium is physiologically non-essential 
(Trapp, 1986) and inorganic aluminium is poorly absorbed, and rapidly excreted in the 
urine (Lloyd, 1992). The excretory processes assessed during the present study are 
represented by recorded skin and gill concentrations. In all three fish species evaluated, 
the gills appeared to be the primary sites of uptake and elimination, with the highest 
concentrations recorded there. A higher concentration was only recorded in the skin for 
gariepinus at Mamba and in the liver for 0. mossambicus at Loskop Dam. This may 
indicate the rapid elimination of this metal after uptake, with 0. nzossambicus at Loskop 
Dam accumulating aluminium in the liver. The accumulation of this metal in the liver is 
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possibly due to damage to this organ as was observed by severe hepatic pathology of 0. 
mossambicus livers at this site (to be discussed in Chapter 5). The histopathological 
examination of liver samples were undertaken by the Onderstepoort Veterinary Institutes 
(ARC) pathology section. 
The general order of concentrations recorded for all three fish species were gills > liver > 
skin > muscle. These findings were supported by other studies in the Olifants River 
catchment, conducted by Barnhoorn (1996), Coetzee (1996), Kotze (1997) and Nussey, 
Van Vuren and Du Preez (1999). This metal was however not tested for by Marx (1996) 
and Robinson (1996) making comparisons between flood and drought conditions 
difficult. The aluminium results further coincide with findings by Stripp, Heit, Bogen, 
Bidanset and Trombetta (1990), who observed that omnivorous suckers (Catostomus 
commersoni) and carnivorous yellow perch (Perca flavescens) accumulated significant 
aluminium levels in gill tissue whilst this metal did not accumulate in significant 
quantities in other tissues. 
Haematological changes and osmotic changes resulting in increased values of 
haematocrit, all imply an adrenergic medicated response to aluminium, which increases 
blood oxygen carrying capacity in aluminium exposed fish (Witters and Van 
Puymbroeck, 1991). Adrenalin releases due to the adrenergic medicated response, 
indicates a heightened flight and fight response, possibly causing changes in behaviour, 
such as feeding and spawning. This may limit the fishes ability to function optimally in 
its environment, exposed to increased predation and decreased reproductive capabilities. 
Physiological disturbances as a result of exceeded levels of aluminium are predominantly 
linked to osmoregulatory impairment (Mount et al., 1988). The precipitation of Al0H3 
and/or the binding of aluminium to organic anions on the gill surface induce an 
inflammatory response. This may further explain why the highest concentrations were 
recorded in the gills throughout the study. Aluminium bound to the gill surface stimulates 
mucus production, thickens the bronchial epithelium, decreases transcellular permeability 
for 02 and CO2, and at the same time increases the permeability of paracellular channels 
through which the greatest amount of electrolyte loss occurs (McDonald, 1983). 
Anova 
After Anova testing of results the excretory processes provided the only significant 
differences between seasons for 0. mossambicus and B. marequensis respectively. This 
indicates variability in uptake and elimination during various seasons. This may be 
related to metabolic activity of fish increasing during warmer months resulting in 
increased uptake via the gills, and increased ability to eliminate this metal via the gills 
and skin. This statement is further substantiated by significant differences observed for 
aluminium concentrations in the liver, muscle, skin and gills of B. marequensis during the 
winter-summer comparison, indicating additional variations in detoxification and storage 
of this metal during opposing seasons. 
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Manova 
The only significant difference was recorded for B. marequensis between seasons and 
gender. This indicates a higher variability in aluminium concentrations recorded between 
seasons and gender at the less polluted dam site. Accompanied by high standard deviation 
and standard error values recorded for this metal in all four-tissue type and at all four-
sample sites, one could suggest that aluminium has a high natural variation in freshwater 
systems. This would be more evident in the less polluted site where B. marequensis was 
sampled, as there would be limited binding of aluminium to elements forming 
compounds, rendering aluminium unavailable for biological uptake (Mackay, 1982; 
Hansch, Kim, Leo, Novellino, Silipo and Vittoria, 1989). 
4.4.2. Copper (Cu) 
Descriptive statistics 
Copper is a biologically essential element (Daramola and Oladimeji, 1989). Essential for 
synthesis of haemoglobin, bone formation, maintenance of myelin within the nervous 
system and an essential component of key metalloenzymes (Murai, Andrews and Smith, 
1981). Symptoms of copper poisoning include anorexia, oedema and protrusion of scales. 
Long term exposure of fish to low levels of copper results in haematological effects such 
as erythrocytopia and hyperglycaemic changes in nervous and immune systems, 
rendering fish, more susceptible to infectious disease. Concentrations recorded for 
copper, were higher in the lower Olifants River catchment indicating increased toxic 
effect of this metal to fish at Mamba and Balule. Copper producer Palaborwa Mining 
Company may contribute to increased bio-accumulation of copper in the lower 
catchment, however, pollutants are often carried far distances downstream from their 
source. Indeed, if water quality data is assessed, the highest copper water concentrations 
are recorded upstream at Loskop Dam. 
The amount of copper taken in by food consumption is immense and is probably a more 
important source of copper than water (Moore and Ramamoorthy, 1984). The resultant 
bio-magnification of copper will increase the concentration in internal organs, and liver 
takes up the majority of copper to detoxify it (Gatlin, Phillips and Torrans, 1989). Indeed 
the highest concentrations were recorded for liver in all three fish species evaluated at all 
four-sample sites during the present study with higher values recorded for 0. 
mossambicus and B. marequensis when compared to C. gariepinus. The highest 
concentrations were also recorded in the liver for C. gariepinus by Marx (1996) and for 
0. mossambicus by Robinson (1996) at Mamba, Balule and Loskop Dam during the 
drought in 1994. 
The general order of concentrations recorded during the present study for. C. gariepinus, 
B. marequensis and 0. mossambicus were liver > gills > skin > muscle. These findings 
substantiate results obtained by Robinson (1996) for 0. mossambicus during the drought 
in 1994. The same pattern was established in studies by Brooks, Lewis and Reeves 
(1976), Wiener and Giesy (1979), Nemcsok, Orban Asztalos and Vig (1987) and 
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Hogstrand and Haux (1991). These results are further substantiated by studies conducted 
in the Olifants River system by Nussey et al. (1999) at Witbank Dam for Labeo umbratus 
and Kotze (1999) at Loskop Dam and Mamba for 0. mossambicus and C. gariepinus 
respectively. The general order of concentrations recorded for C. gariepinus by Marx 
(1996) during the 1994 drought were liver > gills > muscle > skin. This sees a higher 
concentration recorded in the muscle as compared to the skin, indicating increased 
storage of this metal in muscle tissue during the study by Marx (1996). Research papers 
by Buckley, Roch, McCarter, Rendell and Matheson (1982), Du Preez and Steyn (1992) 
and Seymore (1994) all validate these results. 
The mean copper concentrations recorded for C. gariepinus by Marx (1996) during 
winter and summer at Mamba and Balule were higher for all four-tissue types, when 
compared to the present studies results. The floods may thus have had a dilution effect on 
the available copper, resulting in a decreased uptake and storage of this metal. This too 
was observed for skin, muscle and gill concentrations recorded for 0. mossambicus by 
Robinson (1996), conversely however, substantial increases in liver concentrations were 
observed during the flood for this fish species. Elevated copper concentrations found in 
the liver can be ascribed to the binding of copper to metallothioneien (MT) to form 
metallothioneien complexes (Buckley et al., 1982), which act as a detoxification 
mechanism (Nemcsok et al., 1987; Hogstrand and Haux, 1991). These elevated liver 
concentrations found in 0. mossambicus after the 1996/1997 flood may thus indicate 
increased detoxification of copper at this site. The different trophic levels occupied by 
these two fish species may thus have effected the exposure potential to this metal. 
The second highest concentrations were recorded for gills at all four sites sampled during 
all four-seasons in drought and flood conditions. Absorption and binding of copper ions 
to the bronchial surface increases concentrations of copper in the gills (Stagg and 
Shuttleworth, 1982). When fish are exposed to high copper levels, gills are the first 
organs affected by this increase. Mucous cells respond by increasing in activity, size and 
abundance. Histological damage, (Cardeilhac, Simpson, Lovelock, Yosha, Calderwood 
and Gudat, 1979) and impaired physiological function would indicate that copper is 
binding to the gill tissue and causing tissue damage. The accumulation of copper in the 
gill is possibly due to its binding to haemopoetic tissue, mucous and metallothioneins 
implicated with excretion and detoxification. In addition, accumulation occurs due to 
adsorption onto the gill membranes and cells, resulting in impaired physiological function 
(Stagg and Shuttleworth, 1982). Bronchial permeability is influenced by thickening and 
lifting of bronchial epithelium and the rise in copper ions associated with iron 
transporting membranes, which can lead to detrimental effects on the active transport 
mechanisms of sodium and potassium in the gills (Olsen, Squibb and Cousins, 1978). 
Histological examinations done by Heath and Bass (1975) on the gills of rainbow trout 
showed swollen epithelial cells, which separated from the pilaster cells of the lamellae 
and finally sloughed off, causing death. 
Anova 
Significant differences were mainly recorded for 0. mossambicus in the skin suggesting 
variations in excretory processes of this fish during different seasons for this metal. 
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Significant differences were primarily recorded for B. marequensis in the gills or muscle 
indicating variation in uptake via the gills not accompanied by similar increases and 
decreases in detoxification mechanisms in the liver, thus variable storage of copper took 
place in the muscle. 
Manova 
The only significant difference was recorded between seasons for B. marequensis. This 
fish species was only collected from Bronkhorstspruit Dam, which in turn recorded the 
lowest water and sediment copper concentrations. Thus seasonal variation observed may 
indicate that the natural behaviour of this metal is linked to temperature, pH and oxygen 
fluctuations. Anthropogenic inputs at the other three sites may have exerted the same 
degree of stress on fish sampled there during various seasons, thus no significant 
differences were observed for seasons. 
4.4.3. Iron (Fe) 
Descriptive statistics 
Iron in small, regulated amounts is essential for the correct functioning of most living 
organisms (microflora, plants and animals). However, as with most metals, high 
concentrations in body cells alter physiological functioning and are, therefore, toxic to 
fish (Andersen and Nyberg, 1984). 
Exposure to natural levels of iron may be high in the Olifants River catchment due to 
naturally occurring geological formations. This resulted in bio-accumulation of iron in 
the gills and liver of fish. Muscle concentrations were the lowest recorded at all four-
sample sites during flood and drought conditions. This suggests that very little iron is 
stored in fish after absorption. Therefore physiologically fish are functioning optimally 
during present conditions. This results primarily in direct excretion of this metal after 
absorption. Thus high iron concentrations recorded in the liver and gills, and in the water 
and sediment at all four-sample sites may indicate the adaptation of these particular fish 
populations to relatively high iron concentrations 
Iron is a primary component of iron-sulphur proteins, which are involved in energy 
electron transport chains (Eckert, Randall and Augustine, 1988). Iron is also a necessary 
component for myoglobin catalysis, cytochromes and peroxidases which all play • 
essential roles in utilisation of oxygen for energy requirements of cells (Underwood, 
1977). Iron is also required for enzymatic pathways of protein synthesis and in 
respiratory enzymes (Wetzel, 1983). In studies done by Wepener (1990), it was found 
that fish when exposed to iron showed an increase in red blood cell numbers, which is a 
counter reaction to hypoxic conditions caused by epithelial lifting of the gill lamellae. 
The acute toxic action of iron thus seems at least partly to be related to metal 
precipitating onto the gills which leads to death by suffocation (Muniz and Leivestad, 
1980). The second highest concentrations were recorded for gills collected from C. 
79 
Chapter 4. 	 Bio-accumulation I 
gariepinus, 0. mossambicus and B. marequensis during flood and drought conditions. 
The gill concentrations were however lower in the omnivorous fish C. gariepinus during 
the floods, especially in the lower catchment. This may indicate a different level of 
exposure to iron possibly due to its trophic status, feeding more prolifically on bottom 
sediments, which accumulated iron due to runoff from upstream during the floods. This 
may in turn explain the higher concentration of iron in the liver of C. gariepinus when 
compared to B. marequensis and 0. mossambicus. According to Hodson (1988), dietary 
metals generally pass through the liver after intestinal adsorption before accumulating in 
other organs and/or tissues, which may explain the high iron levels in the liver. The 
highest concentrations of iron were recorded in liver at all four-sample sites during flood 
and drought conditions. 
Iron liver concentrations were much higher than the other tissue types tested. Iron is the 
primary component of haemoglobin (Friberg, Nordberg and Vouk, 1986) therefore, 
natural iron levels would be high in the liver. Liver is a highly vascularised organ with 
blood collecting there for detoxification, before transport to other organs and tissues in 
the body (Heath, 1987), with the addition of dietary inputs these levels become further 
elevated. 
According to Brooks et al. (1976), the distribution of iron in fish is similar to that of 
copper. Brooks et al. (1976) found the highest iron concentrations in the spleen of trout, 
followed by the liver, with concentrations in the muscle much lower. In studies done by 
Seymore (1994) the highest iron bio-accumulation appeared in the gut of B. marequensis, 
followed by the liver. Furthermore Du Preez and Steyn (1992) established that the highest 
bio-accumulation of iron in tigerfish (Hydrocynus vittatus), collected from the Olifants 
River, occurred in the liver. During the present study great diversity existed in the level 
of iron concentration in the different organs and tissues. The degree of iron concentration 
present in the organs and tissues of C. gariepinus, B. marequensis and 0. mossambicus 
during flood and drought conditions produced the following general sequence, liver > 
gills > muscle > skin. Rehwoldt, Karimian-Teherani and Altmann (1976) and Nussey et 
al. (1999) found coinciding sequences. 
Anova 
Significant differences were recorded for 0. mossambicus in the muscle, skin and gills, 
indicating that only the liver showed no variations in activity during the different seasons. 
Thus increases in exposure and uptake via the gills was accompanied by increased 
storage of iron in the muscle. Decreases in uptake results in a decreased demand for liver 
detoxification, allowing releases of stored iron from the muscle. When periods of limited 
uptake persist longer than is required to release and detoxify stored iron, the rate of 
excretion via the skin and gills decreases. Significant differences were recorded for B. 
marequensis in the gills, this may indicate exposure to this metal but not uptake, with 
seasonal variations in iron concentrations on the gills not accompanied by similar 
variations in detoxification, storage and excretion via the liver, muscle and skin 
respectively. 
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Manova 
Significant differences were recorded between seasons for 0. mossambicus and B. 
marequensis, with significant differences not recorded for gender. This suggests that both 
males and females react similarly to iron exposure and that both sexes were exposed to 
similar levels. This indicates that behaviour of fish do not necessarily influence uptake. 
4.4.4. Lead (Pb) 
Descriptive statistics 
Lead is an extremely toxic metal to aquatic organisms (Tulasi and Ramana Rao, 1989), 
but because of the low natural occurrence of lead, organisms are usually only subjected to 
high concentrations of this metal because of anthropogenic activities' (Moore and 
Ramamoorthy, 1984). Lead is furthermore a cumulative poison (Bowen, 1966), which 
makes it a very harmful environmental pollutant. 
Chronic exposure of fish to lead produces black finning and spinal curvature, the latter 
being neural in origin (Mance, 1987). On entering the blood stream, lead binds to blood 
cells and plasma proteins, with 90 % of lead in blood being bound to erythrocytes, 
primarily to haemoglobin within cells (Ewers and Schlipkoter, 1991). From here it is 
distributed to various organs and tissues according to the relative affinity of each tissue 
for lead (Ewers and Schlipkoter, 1991). Chronic lead poisoning can lead to anaemia in 
animals because of interference of lead with several enzymes involved with the synthesis 
of haem (Duffus, 1980; World Health Organisation, 1977). Lead affects membrane 
permeability, displacing calcium at functional sites and inhibits the opening of calcium 
channels in membranes. It also has the ability to inhibit certain enzymes involved in 
energy metabolism (Dallas and Day, 1993). 
The liver has a high capacity to bind metals, which might be related to the fact that blood 
flow through the liver is very high, and that these blood vessels are easily permeable to 
hydrophilic molecules and ions. Furthermore lead concentrates within the liver, due to the 
functioning of intracellular binding proteins (Ewers and Schliploter, 1991). The second 
highest lead concentration was recorded in the liver during flood and drought conditions 
for C. gariepinus, B. marequensis and 0. mossambicus. The highest value was recorded 
for liver at Mamba for 0. mossambicus during the 1996/1997 floods, however, only one 
sample group was assessed at this site for this fish species. Robinson (1996) observed no 
definite trend in lead concentrations recorded in the liver, gills, skin and muscle of 0. 
mossambicus at Mamba or Balule during the drought in 1994. It was however, found that 
the highest bio-accumulation generally occurred either in the gills or liver, with minimal 
concentrations found in the muscles or skin. 
Robinson (1996) recorded a degree of bio-accumulation in 0. mossambicus at Loskop 
Dam in the following order: gills > liver > muscle > skin. Marx (1996) recorded the same 
degree of bio-accumulation in C. gariepinus at Mamba, Balule and Loskop Dam. Much 
the same pattern for lead bio-accumulation was found in studies carried out by Mathis, 
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Cummings, Gower, Taylor and King (1979) and Seymore (1994). The general order of 
concentrations recorded during the present study for all three fish species were gills > 
liver > skin > muscle. This sees an increase in excretion of lead via skin after the floods, 
and was accompanied by a general increase in concentrations recorded in the fish tissues. 
This indicates increased exposure of fish to lead during the flood, resulting in activation 
of detoxification mechanisms and increased elimination of the pollutant before storage in 
the muscle. 
Anova 
Values recorded in the various tissues and organs were low resulting in no strong trend in 
significance observed for tissue types when seasons were compared for 0. mossambicus 
and B. marequensis. This is substantiated by low standard deviation and standard error 
values recorded for this metal throughout the study for all four-tissue types. 
Manova 
Significant differences were recorded between seasons for B. marequensis and 0. 
mossambicus. Seasonal variation observed may indicate natural behaviour of this metal is 
linked to temperature, pH and oxygen fluctuations. Significant differences were recorded 
between the different sexes for B. marequensis. This suggests that both males and 
females react differently to lead exposure. This in turn may indicate that behaviour of fish 
influences uptake. 
4.4.5. Manganese (Mn) 
Descriptive statistics 
Manganese is an essential micronutrient, presumably homeostatically controlled (Giesy 
and Wiener, 1977), and is a constituent of many enzymes and an activator of enzymes in 
animals (Martin, 1974). According to Friberg et al. (1986), manganese was shown to 
stimulate chondroitin sulphate synthesis, an important constituent of cartilage and 
connective tissue. Manganese is also an important component of many metabolic 
processes, which include the functioning of flavo-proteins and synthesis of sulphates, 
muco-polysaccharides, cholesterol and haemoglobin (Department of Water Affairs and 
Forestry, 1993b). High concentrations of manganese interfere with the central nervous 
system of vertebrates  by inhibiting dopamine (a neurotransmitter) formation. Sodium 
regulation in fish is disrupted by manganese and may ultimately cause death. A 
deficiency of manganese in vertebrates leads to skeletal deformities and reduced 
reproductive capabilities (Department of Water Affairs and Forestry, 1996a). 
According to the Department of Water Affairs and Forestry (1993c) the main route of 
manganese adsorption occurs through the respiratory and gastrointestinal tracts, with 
adsorption of manganese in the digestive tract closely linked with that of iron. One would 
thus expect elevated concentrations of manganese in the gills and liver of fish. 
82 
Chapter 4. 	 Bio-accumulation 
Concentrations in the gills were much higher than concentrations recorded in the other 
three tissue types during flood and drought conditions. Gills are continually exposed to 
the external environment and pollutants therein. Therefore, over and above ions that can 
passively move in and out of the body via the gills (Stagg and Shuttleworth, 1982; Heath, 
1987) particulate matter which attach to the gill surface or mucous surrounding the gills, 
may contribute to the high concentrations found (Heath, 1987). 
Marx (1996) for C. gariepinus and Robinson (1996) for 0. mossambicus recorded the 
same general order of concentrations as observed during the present study for C. 
gariepinus, 0. mossambicus and B. marequensis, namely, gills > liver > skin > muscle. 
This corroborates results obtained by Brooks et al. (1976) on trout, Wiener and Giesy 
(1979) on bluegill, largemouth bass, chain pickerel and bowfin, De Wet (1990) on C. 
gariepinus, Du Preez and Steyn (1992) on tigerfish (H. vittatus) and Seymore, Du Preez 
and Van Vuren (1995) on B. marequensis. 
Anova 
Anova testing determined that muscle and liver concentrations recorded for B. 
marequensis differed significantly between seasons. This suggests different rates of 
detoxification and storage of manganese. During the autumn and winter comparison both 
liver and muscle concentrations were selected as significantly different variables, this 
suggests changes in the activity of various physiological processes in fish during the 
transition period between winter and summer. The transitional periods tested by assessing 
the autumn-winter and spring-winter comparisons for 0. mossambicus, indicated 
significant differences for skin and liver concentrations. This suggests different rates of 
detoxification and excretion, possibly due to changes in the metabolic activity of fish as 
ectothermic animals during winter months. This affected the activity of physiological 
processes responsible for detoxification in the liver and excretion via the skin. 
Manova 
Significant differences were recorded between seasons for 0. mossambicus and B. 
marequensis, with significant differences not recorded for gender. This suggests that both 
males and females reacted similarly to manganese exposure and that both sexes were 
exposed to similar levels. This indicates that behaviour of fish do not necessarily 
influence uptake. 
4.4.6. Nickel (Ni) 
Descriptive statistics 
Nickel has been found to inhibit a number of enzymes including cytochrome oxidase, 
isocitrate dehydrogenase and maleic dehydrogenase, and is used in the citric acid cycle 
(Duffus, 1980; Dallas and Day, 1993). Nickel is physiologically important to organisms 
and is bound to various proteins, including metallothioneins and albumin (Dallas and 
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Day, 1993). Nickel has a central function in the metabolism of animals (George, 1982) 
and plays an important role in the efficiency of iron absorption (Albergoni and Piccinni, 
1983) and therefore, blood formation (Moore and Ramamoorthy, 1984). According to 
Tjalve, Gottofrey and Borg (1988), nickel appears to have an affinity for tissues 
participating in haemopoieses, and hence some of the blood cells produced will carry 
nickel ions. 
Larsson, Haux and Sj6beck (1985) and Hellawell (1986) reported histological changes in 
gill lamellae of fish exposed to nickel. Similarly Taylor, Maddock and Mance (1985) and 
Ray, Banerjee and Chatterjee (1990) found deleterious effects on the gill structure which 
interfered with respiratory and osmoregulatory functions. Gill concentrations were higher 
than recorded liver, skin and muscle concentrations in C. gariepinus, B. marequensis and 
0. mossambicus during flood and drought conditions. This may indicate gill damage to 
fish in the Olifants River system more particularly during the drought in 1994 where 
concentrations were higher than those recorded during the 1996/1997 flood. 
The high levels of nickel found in the gastrointestinal content and tract by Tjalve et al. 
(1988), Cheggour, Texier, Moguedet and Elkaim (1990), and Du Preez and Steyn (1992) 
imply the indirect uptake of nickel through food intake. The second highest accumulation 
of nickel was found in the liver. The concentrations recorded however were low, often 
similar to recorded skin and muscle concentrations. This suggests limited uptake of 
nickel via food intake by C. gariepinus, B. marequensis and 0. mossambicus in the 
Olifants River system. 
The general order of concentrations during the floods for C. gariepinus, B. marequensis 
and 0. mossambicus were gills > liver > skin > muscle. Marx (1996) at Loskop Dam, 
Mamba and Balule and Robinson (1996) at Mamba and Balule recorded the same trend 
for C. gariepinus and 0. mossambicus respectively during the drought of 1994. Tjalve et 
al. (1988), Du Preez and Steyn (1992) and Robinson (1996) (at Loskop Dam) recorded 
orders of gills > liver > muscle > skin for trout, tiger fish (H. vittatus) and 0. 
mossambicus respectively. 
Anova 
Significant differences between seasons for 0. mossambicus and B. marequensis were 
observed for all four-tissue types i.e. representing processes involved in uptake, 
detoxification and excretion. This suggests that nickel activity in fish is highly variable. 
Man ova 
Significant differences between seasons observed for both 0. mossambicus and B. 
marequensis reflect the same trends observed during Anova testing i.e. high variability in 
nickel activity in fish at the sites sampled. 
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4.4.7. Strontium (Sr) 
Descriptive statistics 
Feeding and immersion studies indicated that gills of rainbow trout were a major pathway 
for uptake of strontium from water (Schiffman, 1961). Becker (1990) determined that 
fish primarily eliminate 90Sr from their gills against a concentration gradient and 
excretion of 
 
 occurred via the kidney and lower intestine. The fact that gills are the 
uptake and elimination site of strontium in fish is evident from the results obtained. Gill 
concentrations recorded were often up to 50 times higher than concentrations recorded in 
the liver, muscle or skin. This statement also applies to results obtained by Marx (1996) 
and Robinson (1996) at Mamba, Balule and Loskop Dam. 
Schiffman (1961) stated that the high outflux rate of diffusable strontium is reflected in 
the inability of fish to concentrate high strontium levels in their organs and tissues. The 
second highest concentrations for all four-sites sampled during all four-seasons were 
predominantly recorded in the skin, this may suggest excretion of strontium via this 
route. Marx (1996) and Robinson (1996) also generally recorded the second highest 
concentrations in the skin. This extra route for strontium elimination further decreases the 
possibility of strontium uptake by internal organs and tissues. The concentrations 
recorded for the liver and muscle were generally low during flood and drought 
conditions. 
Once inside the fish, approximately half of ionised strontium is converted to a non-
diffusable form by binding to protein in the blood. Circulating protein—bound strontium 
has an affinity for bone and binds as forcefully as calcium to bone (Schiffman, 1961; 
Phillips and Russo, 1978). It is thus evident that bony tissues such as vertebrae, scales 
and opercular bones would be the best indicators of sub-lethal concentrations of 
strontium in fish. The highest concentrations were recorded in the gills of C. gariepinus, 
0. mossambicus and B. marequensis during flood and drought conditions. Higher 
concentrations were recorded during the 1996/1997 flood, indicating a possible 
accumulation of strontium in the rakers of gills, after increased exposure. This allowed 
for storage of strontium while detoxification mechanisms had become overloaded. 
Marx (1996) recorded the order of concentrations for C. gariepinus of gills > liver skin 
muscle at Mamba and Balule, and gills > skin > muscle > liver at Loskop Dam during 
summer. Robinson (1996) recorded the order of concentrations for 0. mossambicus from 
Mamba and Balule at gills > skin > liver > muscle and that of Loskop Dam at gills > liver - 
skin > muscle. This corresponds with findings by Schiffman (1961), Becker (1990) and 
Seymore et al. (1995) who indicated that gills are the major route of strontium uptake. 
The general order of concentrations for C. gariepinus and 0. mossambicus of gills > skin 
liver > muscle were recorded during the present study. Seymore et al. (1995) found 
relatively high concentrations of strontium in the muscle tissue of B. marequensis and 
states that muscle could be a good indicator of strontium exposure. This was not the case 
during the present study, whereby the second lowest concentration was recorded in the 
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muscle of B. marequensis. The general order of concentrations recorded for B. 
marequensis at Bronkhorstspruit Dam was gills > skin > muscle > liver. 
Anova 
No strong trend in significance was observed for tissue types when seasons were 
compared for B. marequensis. Significant differences were recorded for 0. mossambicus 
in the muscle, skin and gills, indicating that only liver showed no variations in activity 
during different seasons. Thus increases in exposure and uptake via the gills were 
accompanied by increased storage of strontium in the muscle. Decreases in uptake results 
in decreased demand on liver detoxification allowing releases of stored iron from the 
muscle. When periods of limited uptake persist longer than is required to release and 
detoxify stored strontium, the rate of excretion via the skin and gills decreases. 
Manova 
Significant differences were recorded between seasons and gender for B. marequensis. 
Seasonal variation observed may indicate that the natural behaviour of this metal is 
linked to temperature, pH and oxygen fluctuations. Significant differences recorded 
between the sexes, suggests that both males and females react differently to strontium 
exposure, this may, in turn indicate, that behaviour of fish influences uptake. 
4.4.8. Zinc (Zn) 
Descriptive statistics 
Zinc has the ability to bind to metallothioneins, although copper has a higher affinity for 
the protein and is able to displace zinc (Roch, Nordin, Austin, McKean, Deniseger, 
Kathman, McCarter and Clark, 1985). Zinc is an important factor in the healing process 
of body tissues and plays a vital role in biosynthesis of nucleic acids, RNA and DNA 
polymerases. Zinc is also required for physiological processes, such as hormone 
metabolism, immune response and stabilisation of membranes (Moore and 
Ramamoorthy, 1984). Zinc furthermore occurs in the enzyme carbonic anhydrase which 
catalyses the formation of carbonic acid from carbon dioxide in blood (Lloyd, 1992). 
Small amounts of zinc in water or in the diet are therefore essential, it also follows that 
the organism will have an internal mechanism to transport zinc around the body in order 
to manufacture such vital enzymes (Lloyd 1992). Equilibrium concentrations may be 
reached in fish through homeostatic control mechanism and subsequent excretion of zinc 
occurs (Vinikour, Goldstein and Anderson, 1980). Because of this regulation of zinc 
tissue concentrations, they are less likely to reflect environmental changes (Bryan and 
Langston, 1992). 
According to Hughes and Flos (1978), gills are the most important route through which 
zinc is absorbed when a fish is exposed to high zinc concentrations. Gills recorded either 
the highest or second highest concentrations for C. gariepinus during drought and flood 
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conditions, with higher concentrations only recorded in the liver at Mamba during the 
flood. Hughes and Flos (1978) suggest that zinc in food can increase gill concentrations. 
This occurs after absorption of zinc through the alimentary canal, where it is taken up and 
transported by the blood system and deposited in the gills, where it forms part of an 
equilibrium action involved in ionic regulation function of the gills. It was originally 
thought that direct toxic action of zinc on fish was to precipitate the layer of mucus on the 
surface of the gills, causing suffocation. However, zinc may also cause a certain amount 
of tissue damage by reacting with proteins and this could effect respiratory efficiency as 
well as the osmoregulatory function of the gills (Lloyd, 1992). 
Other toxic effects, following exposure to zinc, include histopathological changes and 
lesions in the liver (Wong, Luk and Choi, 1977), effects on behaviour, temperature 
selection, swimming performance, chemosensory response, feeding, and osmoregulation 
(Roch et al., 1985). Much of the literature reviewed showed the level of zinc 
concentration in the liver to vary, either exhibiting high concentrations in some cases, and 
low in others. A slight variation in the order of concentration was recorded for the liver 
during the present study. The liver and bile fluid have previously been found to contain 
high concentrations of zinc, indicating a detoxification function and excretory function 
via the intestines (Everall, MacFarlane and Sedgwick, 1989). This substantiates findings 
already made by Romanenko, Malyzheva and Yevtushenko (1986), who found high 
concentrations of zinc excreted via the faeces. 
The ranking of zinc concentrations for C. gariepinus during drought and flood conditions 
was found to be gills liver > skin > muscle. This confirms the results of Rehwoldt et al. 
(1976), Lovegrove and Eddy (1982) and Bezuidenhout, Schoonbee and De Wet (1990). 
The order of accumulation in the different tissues of 0. mossambicus during drought 
conditions at both Mamba and Balule, was hard to establish (Robinson, 1996). It was, 
however, evident that zinc accumulated mostly in the gills, liver and skin, with minimal 
concentrations in the muscle (Robinson, 1996). During the floods the general trend 
followed those recorded for C. gariepinus at Mamba, Balule and Loskop Dam of gills 
liver > skin > muscle. The degree of bio-accumulation found at Loskop Dam for 0. 
mossambicus during the drought was however, in the following order: skin > gills > liver 
> muscle (Robinson, 1996). The results of that study agrees with studies done by Brooks 
et al. (1976), Wiener and Giesy (1979) and Heath (1987). 
Anova 
No obvious trend was observed for significance between seasons for tissue types 
collected from 0. mossambicus or B. marequensis. Equilibrium concentrations may be 
reached in fish through homeostatic control mechanism and subsequent excretion of zinc 
occurs (Vinikour et al., 1980). Because of this regulation of zinc tissue concentrations, 
they are less likely to reflect environmental changes (Bryan and Langston, 1992). This 
may possibly explain the variations observed. 
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Manova 
Significant differences were recorded between seasons for both 0. mossambicus and B. 
marequensis. Seasonal variations observed may indicate the natural behaviour of this 
metal is linked to temperature, pH and oxygen fluctuations. Significant differences 
recorded between the different sexes was observed for 0. mossambicus suggesting that 
both males and females react differently to strontium exposure. This in turn may indicate 
that behaviour of fish influences uptake. 
4.5. Conclusion 
Heavy metal bio-accumulation was investigated in three fish species under the premise 
that metals may accumulate differently at various trophic levels. .Variability in 
accumulation may thus effect fish health to varying degrees and thus the results obtained 
using the Health Assessment Index. The understanding of any variability in bio-
accumulation of metals during drought and flood conditions, may also help interpretation 
of variations observed in the fish health assessment of the various fish species. 
During investigation it may be conclude that various fish species occupying different 
trophic levels, react differently after exposure to certain metals. Lower mean copper 
concentrations were recorded in the liver, gills, muscle and skin of C. gariepinus 
throughout the study when compared to 0. mossambicus and B. marequensis. The 
different trophic levels occupied by these fish species may thus have effected the 
exposure potential to this metal. Results obtained for C. gariepinus, exposed to metals 
through ingestion of sediment as well as water flow across the gills, recorded higher liver 
concentrations after iron exposure and higher gill concentrations after zinc exposure 
when compared to the other two fish species. According to Hodson (1988), dietary metals 
generally pass through the liver after intestinal adsorption, before accumulating in other 
organs and/or tissues. This may explain the higher iron concentrations in the liver for this 
fish, with an increased ingestion of metals via the water and sediments by C. gariepinus. 
Hughes and Flos (1978) also suggest that zinc in food can increase gill concentrations. 
With metal uptake in C. gariepinus presumably taking place via ingestion of sediments 
and water, this may explain elevated zinc concentrations observed for this fish species in 
the gills when compared to 0. mossambicus and B. marequensis respectively. 
Homeostatic control mechanisms further regulate the activity of certain metals i.e. 
manganese (Giesy and Wiener, 1977) and zinc (Vinikour et al., 1980). Concentrations 
recorded in the various tissues and organs of the three fish species showed little variation 
when compared. This limits direct comparison of their effect on different fish species. 
During the evaluation of results it was further indicated that flood conditions could either 
result in a dilution effect as observed for copper concentrations, or an additive effect as 
observed for lead and strontium concentrations in all three fish species. Thus, during 
evaluation of the effects metals may have on fish, prevailing environmental conditions 
should be investigated before any assessment of aquatic health is made. 
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No direct conclusions can be made regarding nickel, strontium and aluminuim 
concentrations, with results remaining highly variable in the case of nickel and 
strontiumm, or relatively constant for aluminium in all three fish species and during flood 
and drought conditions. This may indicate natural variations of these metals in the 
environment, indicating limited anthropogenic inputs. This may however also indicate 
mechanisms involved during metal uptake by fish, which are not fully understood. 
After evaluation of the above results, variations in observed responses to metal exposure 
in C. gariepinus, 0. mossambicus and B. marequensis, may well result in variations in 
results observed during deployment of the Health Assessment Index. 
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5.1. Introduction 
Bio-monitoring can be defined as the systematic use of biological responses to 
evaluate changes in the environment with the intent to use this information in a 
quality control program (Mathews, Buikema, Cairns and Rodgers, 1982). These 
changes often are due to anthropogenic sources and may be caused by a variety of 
stresses such as toxic compounds (heavy metals), thermal effluents, and nutrient 
enrichment (Mathews et al., 1982). 
The evaluation of ecosystems should be holistic (Mathews et al., 1982). This holistic 
approach is particularly important in the analysis of disturbed ecosystems (Mathews 
et al., 1982). In bio-monitoring, changes in the physical, chemical, and biological 
structure of the receiving system, as well as changes in functioning of these elements, 
must be considered (Mathews et al., 1982). This was of particular concern during 
evaluation of the Fish Health Assessment Index in the Olifants River system during 
the present study, with assessment taking place during both drought and flood 
conditions, in dams and at rivers points, distributed in the upper and lower catchment 
areas. This holistic approach further facilitates the need for chemical analysis of water 
and sediment samples, and the evaluation of heavy metal accumulation in the liver, 
gills, skin and muscle of sample fish. These results were discussed in previous 
chapters. 
Much of the research dealing with bio-monitoring of stress effects in receiving 
systems, has had a taxonomic or structural emphasis (Cummins, 1974). One of the 
most common approaches has involved gathering species list data from stressed and 
reference communities, either in the field or in microcosms (Mathews et al., 1982). 
This data was often condensed into some form of community comparison index (e.g. 
Pielou, 1966; Pinkham and Pearson, 1976; Shannon and Weaver, 1971; Wilhm, 
1972), with major differences between communities at different locations attributed to 
stress effects (Mathews et al., 1982). Other investigators have used the presence or 
absence of indicator organisms or communities (e.g. Kolkwitz and Marrson, 1908; 
Patrick, 1967) to determine the nature and extent of pollution effects (Mathews et al., 
1982). However, changes in taxonomic structure are not always linked to other 
ecosystem changes (Mathews et al., 1982). 
In South Africa water quality monitoring conducted by the Department of Water 
Affairs and Forestry (DWAF), has focused on chemical analysis of water and 
sediment samples. The value of adding biological indicators to chemical analysis of 
water is self-evident in that the biota in the system are, by use, constantly market 
testing water quality (White, 1989). Critical measurement of physiochemical 
parameters is only possible at a few stations and a sample of water can only represent 
a location at a point in time and will not record a pollution that has passed down the 
stream since the last sample was taken (White, 1989). The use of bio-monitors 
becomes most attractive since they are continuously exposed to all variations in 
environmental quality and their response is an integrated one. They reflect the 
ecological impacts of peaks and troughs or sustained levels of quality because there 
are ecological consequences of the environmental variability (Hellawell, 1986). This 
has in part, lead to the DWAF's change in approach to using bio-monitoring 
techniques to assess water quality (Roux, Van Vleit and Van Veelen, 1993). 
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The Rand Afrikaans University was approached by the DWAF to evaluate a Fish 
Health Assessment Index (HAI) as bio-monitoring tool, under South African 
conditions. This index was developed by Adams et al. (1993) in the USA to evaluate 
pulp mill effluent, and makes use of the degree of morphological and physiological 
abnormalities found in fish, to assess overall aquatic health. The current study 
discusses the results obtained after repeated assessment of this index in the Olifants 
River system, South Africa, to evaluate heavy metal pollution levels. 
5.1.1. Fish as bio-monitoring tools:- development of the Fish Health Assessment 
Index (HAI)  
Various indices have been used to evaluate the condition or well-being of fish, 
including the relative conditions factor (Le Cren, 1951), relative weight (Wege and 
Anderson, 1978), the liver-somatic index (Heidinger and Crawford, 1977; Delahunty 
and De Vlaming, 1980), the gut index (Jensen, 1980), RNA-DNA ratios . of liver and 
muscle (Bulow, Zeman, Winningham and Hudson, 1981), and the visceral somatic 
index (Delahunty and De Vlaming, 1980; Adams, McLean and Parrotta, 1982). 
The newest trend however is to employ a holistic approach to assessment of overall 
fish health, in order to better evaluate environmental stressors. One such method to 
assess overall fish health is the HAI. 
Fish bio-monitoring systems, which contributed to the development of the HAI 
The concept of using morphological or physiological characteristics to determine 
overall aquatic health lead to the development of a Fish Condition Profile (HCP). 
The Utah Division of Wildlife Resources developed fish health condition assessment 
procedures (HCP) for trout reared in state hatcheries and in feral populations (Goede, 
1988). The method has been applied successfully in Utah since 1969 and has been 
used more recently to assess the general quality of juvenile anadromous salmonids 
(Novotny and Beeman, 1990). 
The HCP is not intended to be diagnostic, but rather it is intended to provide a quick, 
simple means of judging the general health and condition of a group of fish (Novotny 
and Beeman, 1990). The key to the success of the procedure is the basic assumption 
that if fish are in good condition, the vital organs and other easily observed body 
structures will be in good condition (Novotny and Beeman, 1990). Once fish have 
been subjected to various stressors over an extended period, changes in organ 
appearance, morphology, or blood chemistry become apparent and can be recognised 
as serious departures from normal (Novotny and Beeman, 1990). If these stressors are 
left unchecked, the fish becomes increasingly susceptible to disease, and mortality 
may result (Novotny and Beeman, 1990). 
The value of this system is in an accumulated database; single observations cannot be 
considered indicative of normalcy, or a deviation from normalcy, for a particular 
group of fish (Novotny and Beeman, 1990). 
The HCP involves a series of simple, ordered observations and measurements of 
external characteristics, simple blood parameters, and external organs of a sample of 
twenty fish (Novotny and Beeman, 1990). For each fish, length and weight are 
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recorded and condition factor is calculated; a sample of blood is drawn for 
determination of haematocrit, leucocrit, and concentration of blood plasma protein; 
morphological observations are made of the gills, pseudobranchs, thymus gland, and 
eyes; and finally, the body cavity is examined to evaluate the spleen, liver, hindgut, 
kidney, mesenteric fat, and bile in the gall bladder (Novotny and Beeman, 1990). 
Means, standard deviations (Stdev), and coefficients of variation (CV = 100 x 
Stdev/mean) of lengths, weights, condition factors, and blood values are calculated 
and summarized individually. Scores assigned to each of the remaining observations 
are transformed into percentages or ratings and are included as components in the 
final autopsy summary for each group of fish. Deviations from the normal are 
considered indicative of some type of existing or developing problem within the 
population tested (Novotny and Beeman, 1990). 
The HCP was designed in association with the autopsy-based condition assessment, 
developed by Goede and Barton (1990). This autopsy-based condition assessment was 
developed to meet the needs for a rapid, inexpensive, and easily used method for 
biologists to detect changes in the health of fish populations, early enough for 
corrective action to be taken (Goede and Barton, 1990). Like the HCP the autopsy 
system was not designed to be diagnostic or to solve specific problems related to fish 
health or the environment. Nor was the system designed as a substitute for other 
approaches or to meet all needs (Goede and Barton, 1990). The value of this system 
was that it provided a means of establishing a database for detecting trends in the 
health and condition of fish populations (Goede and Barton, 1990). 
Use of the autopsy method requires several assumptions. (1) In fish under stress, 
tissue and organ function will change in order to maintain homeostasis; (2) if a change 
in function persists in response to continuing stress, there will be a gross change in the 
structure of organs and tissues; (3) if the appearance of all organs and tissues are 
normal according to the autopsy criteria, there is a good probability that the fish is 
normal; and (4) if the appearance of an organ or tissue system departs from the 
normal or from a control condition, the fish is responding to changes brought about by 
the environmental stressor (Goede and Barton, 1990). 
Proper use of the method entails some further consideration. (1) The environmental 
stressor may be sufficiently severe that fish die before observable changes in structure 
or appearance occur; (2) there can be microscopic or histological structural changes 
without gross manifestation. A gross change may be predicted from histological 
change, but not the converse; (3) comparisons of stressed fish against normal or 
control conditions should be based on fish of the same age, strain, species, sex, and 
season; and (4) the individual expressing the condition in the sample must be 
representative of the population (Goede and Barton, 1990). 
During evaluation of the Health Assessment Index under South African conditions, no 
dead fish were observed, indicating that environmental stressors were not sufficiently 
severe to cause death before observable changes occurred. No microscopic or 
histological studies were undertaken as part of the final assessment, thus, no 
deductions were made based on this level of observation. Gill nets used to sample the 
fish population at each sample site, selects for fish of the same age (size), with fish of 
the same species, grouped together for statistical analysis for each season separately. 
92 
I Chapter 5. 	 Health Assessment Index I 
Sex (gender) of fish, was however, not seen as a limiting factor during assessment, the 
aim was to collect twenty fish per sample site per season, irrespective of gender. The 
specific gender of each fish was however noted for the records. During assessment 
"out lyers" were not observed during statistical analysis of the data, indicating that a 
representative sample of the population was being assessed. 
The major limitation of the necropsy or health profile method is that it does not 
provide quantitative results that are amenable to statistical comparison of data among 
sites, species, or years (Adams et al., 1993). This method also does not currently 
account for severity or degree of damage in some of the variables within the necropsy 
system (Adams et al., 1993). The objectives in the study conducted by Adams et al. 
(1993) was to modify and refine the necropsy-based approach to (1) provide a 
quantitative index so that statistical comparisons can be made between data sets; (2) 
include variables in the health index that reflect the degree of damage incurred as a 
result of environmental stressors; and (3) provide examples of the use of this index in 
different types of aquatic systems to demonstrate and validate its applicability (Adams 
et al., 1993). These final modification made to the necropsy-based approach lead to 
the development of the Fish Health Assessment Index (HAI) assessed during the 
present study. 
The necropsy method of Goede and Barton (1990) consists of 16 variables that can be 
grouped into the following categories: (1) three blood parameters (haematocrit, 
leukocrit, and plasma protein); (2) length, weight and condition factor; (3) percentage 
of fish with normal and abnormal eyes, gills, pseudobranchs, spleens, kidneys, and 
livers; and (4) index values of damage to skin, fins, thymus, hindgut inflammation, fat 
deposits, and bile colour (Adams et al., 1993). 
Modifications made to the necropsy based approach by Adams et al. (1993). 
Variable ranking:- To account for differences in severity of damage or level of 
effect, some variables of the HAI are assigned values of 10, 20, or 30, depending on 
the extent of the abnormality or observed damage (Adams et al., 1993). Variables of 
the HAI that receive assigned values are fins, parasite loads, thymus condition, 
hindgut inflammation, skin condition, haematocrit and plasma protein levels (Adams 
et al., 1993). 
Calculation of the HAI:-' To calculate the HAI for each fish within a sample, 
numerical values for all variables are summed. The HAI for a sample population is 
then calculated by summing all individual fish HAI values and dividing by the total 
number of fish examined for that sample. A standard deviation and coefficient of 
variation is calculated (Adams et al., 1993). The HAI for the sample population is 
composed of multiple HAI observations calculated for each fish within that sample. 
Therefore, statistical comparisons can be made among sample sites, sample times for 
the same site, and even species (Adams et al., 1993). 
5.2. Methods 
As described by Novotny and Beeman (1990) when possible, twenty fish namely C. 
gariepinus at Loskop Dam, Bronkhorstspruit Dam, Mamba and Balule, 0. 
mossambicus at Loskop Dam, Mamba and Balule and B. marequensis at 
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Bronkhorstspruit Dam were assessed during autumn, winter, spring and summer 
respectively. The HAI was employed as described by Adams et al. (1993) with slight 
modifications. 
During preliminary observations made from three pilot studies, the exclusion of the 
thymus gland was found necessary in order for researchers to simplify the assessment 
procedures. Leukocrit was determined from the blood, however due to technical 
difficulties in the field, a white blood cell count was also introduced from blood 
smears to determine the fishes relative immunological response to stress. 
Observations were also made, that numbers of certain types of parasites varied when 
polluted and control sites were compared. This lead to a division of observed parasites 
into two groups, namely endo- and ectoparasites. A variable ranking was introduced 
of mild infestation (10), moderate infestation (20) and severe infestation (30) with 
ectoparasites and endoparasites provided with their own rating scales, i.e. fewer 
ectoparasites were required for a ranking of moderate or severe than would apply for 
endoparasite numbers. 
Parasites will furthermore be assessed during the present study under the following 
hypothesis:- namely that, ectoparasites are more susceptible to pollutants as they are 
directly exposed to them, thus, their numbers will be lower at the more polluted sites. 
Conversely however, endoparasite numbers will be higher at these more polluted sites 
as they are protected from direct exposure, and furthermore endoparasites take 
advantage of the fishes weakened immune system to reproduce unabated. 
A detailed description of the methods followed, are available in the form of a user 
manual developed by Avenant-Oldewage, Oldewage and Van Vuren (1995). 
A further addition to the user manual, developed during the present study, is a colour 
chart, introduced to limit the subjective nature of colour assessments made during 
evaluation of the liver, bile colour and spleen (See Figure 5.1). 
Statistical analysis 
Abundance, prevalence and mean intensity was determined for each parasite observed 
for each fish species assessed (See Table 5.1. and 5.2.). A comparison was made 
using actual parasite numbers for the four dominant parasite infestations, observed for 
C. gariepinus. Consequently all four-sample sites were assessed for Lamproglena 
clariae, Trypanosoma sp., larval nematodes in the body cavity and trematode cysts. 
These results were graphically represented using bar graphs (See Figure 5.2.-5.5.). 
Pooled data for endo- and ectoparasites (actual number of parasites) was graphically 
represented using bar graphs to determine the ratio of endo- to ectoparasites at each 
sample site for each fish species (See Figure 5.6.-5.9.). This compares with the 
methods used during the initial pilot study by Marx (1996). 
Mininmum (Min), maximum (Max), mean, standard deviation (Stdev) and standard 
error (Stderr) values were determined for the various blood variables, namely, white 
blood cell counts (WBC %), haematocrit % (Hct %) and plasma protein 
concentrations. Each fish species was assessed separately, for each sample site and for 
each season separately (See Table 5.3 and 5.4). 
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HAI calculations were determined as described by Adams et al. (1993). Mean, 
standard deviation (Stdev) and coefficient of variation (CV) was tabulated for each 
fish species, for each sample site and for each season separately (See Table 5.5 and 
5.6). Further statistical analysis was conducted using the HAI data to evaluate if there 
was a difference between each of the indicator variables observed at Mamba and 
Balule respectively. Cross tabulation and Chi 2 analysis was employed using data 
collected from C. gariepinus and 0. mossambicus at Mamba and Balule during the 
drought in 1994 and during flood conditions in 1996/7 separately (See Table 5.7. and 
5.18.). These techniques help eliminate variables unable to predict fish belonging to 
Mamba or Balule respectively. The variables identified by Chi 2 analysis were further 
evaluated for their predictability using logistic regression analysis. A model was 
developed using logistic regression analysis, to predict fish belonging to Mamba and 
Balule during drought conditions. Data collected for C. gariepinus and 0. 
mossambicus were first combined during development of the model (See Table 5.8.), 
and then separates for each fish species (See Table 5.10. and 5.12.). This drought 
model was further assessed, employed on data collected during flood conditions at the 
same sample sites. Data collected for C. gariepinus and 0. mossambicus were again 
combined (See Table 5.14.) and then separates for each fish species (See Table 5.16. 
and 5.17.). A separate model was developed for the data collected during flood 
conditions, likewise data collected for C. gariepinus and 0. mossambicus were first 
combined (See Table 5.19.), and then separated for each fish species (See Table 5.21. 
and 5.22.). Variables eliminated by the models were further assessed, to determine 
why they may have been eliminated i.e. if possible relationships existed between 
successfully employed variables and those eliminated. This was determined by doing 
further cross tabulations and Chi 2 analysis between the eliminated and successfully 
employed variables (See Table 5.9., 5.11., 5.13., 5.15. and 5.20.). 
Using the variables selected for during the model developed for flood conditions, 
correspondence analysis was employed for all four-sample sites. This technique 
aimed at indicating the distances or overlaps, which exist between sample sites, 
suggesting the possible status (polluted or control) or relationships which may exist 
between localities (Greenacre, 1994) (See Figure 5.10.). 
The condition factor (CF) was calculated with minimum (Min), maximum (Max), 
mean CF, standard deviation (Stdev), standard error (Stderr), mean length and mean 
weight tabulated for each fish species, for each sample site and for each season 
separately (Le Cren, 1951) (See Table 5.23. and 5.24.). 
5.3. Results  
5.3.1. Parasites of C. gariepinus 
Ectoparasites 
Leeches:- Specimens were all collected at Bronkhorstspruit Dam on the body surface 
of C. gariepinus. A mean intensity of 1.00 was recorded during October of 1996 
(spring) and January of 1997 (summer), with a value of 1.50 recorded during April of 
1996 (autumn). Prevalence decreased from 10 % in autumn to 5 % in spring and 
summer respectively. Abundance decreasing from 0.1 in autumn to 0.05 in spring and 
summer respectively (See Table 5.1.). 
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Red Dark Red 
C:3-7 Oxide 
BILE SPLEEN 
	1 1.,,,,....... ....,............,,,,,,,,,,....,,,,......................... 
C4-7 Tandoori 
Tan "Coffee with milk" 
813-7 Maple Dark green/Dark blue-green 
1)1-7 Prune A16-6 Citronella 
C27-7 Gi-and Bank 1113-6 Honey Nut 
A10-6 Squash 
B20-6 Asparagus 
C:2-7 Brown Berry 
Yellow/Straw colour 
LIVER 
Light Red Red .1 
A27-7 Superior 
Focal Discolouration 
C20-7 Avocado 
1)14-6 Havana 
D16-7 Khaki Shorts 
Colour chips 
taken from the 
P.LASCON Colour 
EXPRESSIONS 
range 
Figure 5.1. Colour chart introduced to the HAI to limit the subjective nature of the colour assessments 
made for liver, bile colour and .spleen. 
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Gyrodactylus sp.:- Specimens were all collected from C. gariepinus at Loskop Dam 
after examination of slime smears and only during the summer survey in January of 
1997. Mean intensity, prevalence and abundance of 0.50, 25 % and 2.00 were 
recorded respectively (See Table 5.1.). 
Trichodina sp.:- Specimens were all collected from C. gariepinus at Balule after 
examination of slime smears and only during the summer survey in January of 1997. 
Mean intensity, prevalence and abundance of 0.05, 5 % and 1.00 were recorded 
respectively (See Table 5.1.). 
Argulus japonicus:- Specimens were all collected on the skin of C. gariepinus at 
Loskop Dam, only during the autumn survey in April of 1996. Mean intensity, 
prevalence and abundance of 0.06, 6 % and 1.00 were recorded respectively (See 
Table 5.1.). 
Lainproglena clariae:- As observed by Marx (1996), L. clariae was the single most 
numerous ectoparasite found on C. gariepinus in the Olifants River, at Loskop Dam, 
Bronkhorstspruit Dam, Mamba and Balule. A mean intensity of 1.00, 2.00 and 1.00 
was recorded at Loskop Dam during autumn (April 1996), winter (July 1996) and 
spring (October 1996) respectively. A mean intensity of 1.67, 1.00 and 1.00 was 
recorded at Bronkhorstspruit Dam during autumn, spring and summer (January 1997) 
respectively, with 1.50 recorded at Mamba and 1.00 at Balule during summer. 
Prevalence decreased from 19 % during autumn, to 10 % in winter and further to 6 % 
during spring at Loskop Dam. A similar trend was observed for prevalence at 
Bronkhorstspruit Dam with a decrease from 25 % in autumn to 20 % in spring and 
further to 10 % in summer. In the lower catchment a lower prevalence value was 
recorded at Balule when compared to Mamba during summer at 10 % and 25 % 
respectively. Abundance of 0.25 (autumn), 0.10 (winter) and 0.06 (spring) was 
recorded at Loskop Dam, with 0.15 (autumn), 0.30 (spring) and 0.10 (summer) at 
Bronkhorstspruit Dam and 0.38 (summer) and 0.10 (summer) at Mamba and Balule 
respectively (See Table 5.1.). 
Endoparasites 
Trypanosoma sp.:- Recorded mean intensity, prevalence and abundance values 
remained constant for Trypanosoma sp. observed in the blood of C. gariepinus at 
Loskop Dam from winter' to spring at 1.00, 5 % and 0.05 respectively. Values 
recorded at Bronkhorstspruit Dam showed seasonal trends with mean intensities of 
2.60 (autumn), 3.33 (winter), 1.14 (spring) and 2.00 (summer), prevalence of 50 % 
(autumn), 100 % (winter), 35 % (spring) and 47 % (summer) and abundance of 1.30 
(autumn), 3.30 (winter), 0.40 (spring) and 0.95 (summer) respectively. In the lower 
catchment, mean intensity, prevalence and abundance decreased from winter to 
summer. Values of 2.11, 45 % and 0.95 were recorded during winter and 1.00, 19 % 
and 0.19 during summer at Mamba, and 1.60, 28 % and 0.44 during winter and 0.05, 
5 % and 0.05 during summer at Balule respectively (See Table 5.1.). 
Larval nematodes in the body cavity:- Larval nematodes in the body cavity were 
the single most numerous endoparasites found in C. gariepinus in the Olifants River, 
at Loskop Dam, Bronkhorstspruit Dam, Mamba and Balule. A mean intensity of 
26.67, prevalence of 75 % and abundance of 31.25 was recorded at Loskop Dam 
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during autumn, with 30.00, 100 % and 30.00 during winter, 94.12, 100 % and 94.12 
during spring and 650.00, 100 % and 650.00 during summer respectively. A mean 
intensity of 18.75, prevalence of 40 % and abundance of 7.50 was recorded at 
Bonkhorstspruit Dam during autumn, with 3.75, 85 % and 3.00 during spring and 
4.30, 50 % and 2.25 during summer respectively. A mean intensity, prevalence and 
abundance was recorded at Mamba during winter at 12.76, 80 % and 2.00 and at 2.38, 
94 % and 0.75 during summer, with values of 3.60, 28 % and 55.56 recorded during 
winter and 2.84, 95 % and 1.00 during summer at Balule respectively (See Table 
5.1.). 
Cestodes in the gut:- Unidentified cestodes were collected from the gut of C. 
gariepinus at Loskop Dam, Bronkhorstspruit Dam, Mamba and Balule. Mean 
intensity, prevalence and abundance was recorded at Loskop Dam at 1.00, 5 % and 
0.05 during winter (July) and at 2.50, 12 % and 0.29 during spring (October) 
respectively. At Bronkhorstspruit Dam a mean intensity of 4.50, prevalence of 35 % 
and abundance 2.30 was recorded during spring (October), with a mean intensity, 
prevalence and abundance recorded at Mamba of 1.00, 6 % and 0.06 during winter 
(July) and at Balule of 4.00, 5 % and 0.20 during the same period respectively (See 
Table 5.1.). 
Trematode cysts in the coelom:- Trematode cysts were observed in the coelom of C. 
gariepinus at Loskop Dam, Bronkhorstspruit Dam, Mamba and Balule. Mean 
intensity, prevalence and abundance was recorded at Loskop Dam during autumn at 
2.25, 19 % and 12.00, during winter at 13.50, 100 % and 13.50 and during spring at 
37.94, 100 % and 37.90 respectively. Mean intensity, prevalence and abundance was 
recorded at Bronkhorstspruit Dam during autumn at 0.50, 15 % and 3.33, during 
spring at 13.50, 85 % and 15.47 and during summer at 9.74, 89 % and 10.88 
respectively. Mean intensity, prevalence and abundance was recorded at Mamba 
during winter at 6.25, 30 % and 20.80 and during summer at 1.88, 69 % and 2.73 and 
at Balule during winter at 0.06, 6 % and 1.00 and during summer at 1.45, 15 % and 
9.67 respectively (See Table 5.1.). 
Trematode cysts on the gills:- Trematode cysts were observed on the gills of C. 
gariepinus at Loskop Dam during autumn, Bronkhorstspruit Dam during summer, 
Mamba during winter and Balule during summer respectively. Mean intensity, 
prevalence and abundance was recorded at Loskop Dam in the order of 6.25, 63 % 
and 100.00, at Bronkhorstspi-uit Dam in the order of 0.05, 5 % and 1.00, at Mamba in 
the order of 2.25, 10 % and 22.50 and at Balule in the order of 1.75, 45 % and 3.89 
respectively (See Table 5.1.). 
Trematode cysts on the pseudobranchs:- Cysts on the pseudobranchs of C. 
gariepinus were only observed in fish caught at Balule, and only during the winter 
survey in July of 1996. Mean intensity, prevalence and abundance of 0.11, 11 % and 
1.00 was recorded respectively (See Table 5.1.). 
Trematode cysts in the muscle:- Trematode cysts were observed in the muscle of C. 
gariepinus at Loskop Dam, Mamba and Balule. Mean intensity, prevalence and 
abundance was only recorded at Loskop Dam during autumn at 0.34, 13 % and 2.50 
respectively. Mean intensity, prevalence and abundance was recorded at Mamba 
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during summer at 0.13, 6 % and 2.00 and at Balule during winter at 0.56, 6 % and 
10.00 respectively (See Table 5.1.). 
Trematode cysts on the fins (black spot):- Trematode cysts were observed on the 
fins of C. gariepinus at Bronkhorstspruit Dam and Mamba and only during autumn 
and winter respectively. Mean intensity, prevalence and abundance was recorded at 
Bronkhorstspruit Dam in the order of 0.05, 5 % and 1.00 and at Mamba in the order of 
1.00, 20 % and 5.00 respectively (See Table 5.1.). 
Trematode cysts on the skin (black spot):- Cysts on the skin of C. gariepinus were 
only observed in fish caught at Mamba, and only during the winter survey in July of 
1996. Mean intensity, prevalence and abundance of 5.75, 30 % and 19.20 was 
recorded respectively (See Table 5.1.). 
Trematode cysts on the internal organs:- Cysts on the internal organs of C. 
gariepinus were only observed in fish caught at Balule, and only during the winter 
survey in July of 1996. Mean intensity, prevalence and abundance of 0.06, 6 % and 
1.00 was recorded respectively (See Table 5.1.). 
Trematode cysts on the opercules:- Cysts on the opercules of C. gariepinus were 
only observed in fish caught at Mamba, and only during the winter survey in July of 
1996. Mean intensity, prevalence and abundance of 0.25, 5 % and 5.00 was recorded 
respectively (See Table 5.1.). 
Trematode cysts on the eyes:- Cysts on the eyes of C. gariepinus were only 
observed in fish caught at Mamba, and only during the winter survey in July of 1996. 
Mean intensity, prevalence and abundance of 0.25, 5 % and 5.00 was recorded 
respectively (See Table 5.1.). 
Epitheliocystis:- Epitheliocystis on the gills of C. gariepinus were observed at 
Loskop Dam during spring and at Bronkhorstspruit Dam during spring and summer 
respectively. Mean intensity, prevalence and abundance were recorded at 0.06, 6 % 
and 1.00 at Loskop Dam and at 0.05, 5 % and 1.00 during spring and 0.26, 53 % and 
5.00 during summer at Bronkhorstspruit Dam respectively (See Table 5.1.). 
5.3.2. Parasites of B. marequensis 
Ectoparasites 
Gyrodactylus sp.:- Specimens were observed on the skin of B. marequensis at 
Bronkhorstspruit Dam, after examination of slime smears during the spring survey in 
October of 1996. Mean intensity, prevalence and abundance of 1.50, 10 % and 0.15 
was recorded respectively (See Table 5.2.). 
Trichodina sp.:- Specimens were observed on the skin of B. marequensis at 
Bronkhorstspruit Dam, after examination of slime smears during the summer survey 
in January of 1997. Mean intensity, prevalence and abundance of 1.50, 10 % and 0.15 
was recorded respectively (See Table 5.2.). 
A. japonicus:- Specimens were collected on the skin of B. marequensis from 
Bronkhorstspruit Dam during winter and summer surveys. Mean intensity, prevalence 
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and abundance of 13.00, 55 % and 3.90 were recorded during winter and 1.00, 5 % 
and 0.05 during summer respectively (See Table 5.2.). 
Endoparasites 
Larval nematodes in the body cavity:- Larval nematodes were collected in the body 
cavity of B. marequensis at Bronkhorstspruit Dam. A mean intensity, prevalence and 
abundance was recorded at 50.00, 5 % and 2.50 during autumn and at 1.50, 10 % and 
0.15 during winter respectively (See Table 5.2.). 
Trematode cysts in the coelom:- Trematode cysts were observed in the coelom of B. 
marequensis at Bronkhorstspruit Dam during winter and summer respectively. A 
mean intensity of 2.25, prevalence of 10 % and abundance of 22.50 was recorded at 
Bronkhorstspruit Dam during winter with 0.05, 5 % and 1.00 during summer 
respectively (See Table 5.2.). 
Trematode cysts on the skin (black spot):- Trematode cysts were observed on the 
skin of B. marequensis at Bronkhorstspruit Dam during the winter survey in July of 
1996. Mean intensity, prevalence and abundance of 0.50, 10 % and 5.00 was recorded 
respectively (See Table 5.2.). 
Epitheliocystis:- Epitheliocystis on the gills of B. marequensis was observed at 
Bronkhorstspruit Dam during autumn and winter respectively. Mean intensity, 
prevalence and abundance was recorded at 6.10, 45 % and 13.56 during autumn and 
at 3.50, 25 % and 14.00 during winter respectively (See Table 5.2.). 
5.3.3. Parasites of 0. mossambicus 
Ectoparasites 
Gyrodactylus sp.:- Specimens were observed on the skin of 0. mossambicus at 
Loskop Dam after examination of slime smears during the autumn survey in April of 
1996. Mean intensity, prevalence and abundance of 0.05, 5 % and 1.00 was recorded 
respectively (See Table 5.2.). 
Trichodina sp.:- Specimens were observed on the skin of 0. mossambicus at Loskop 
Dam after examination of slime smears during the winter and summer surveys. Mean 
intensity, prevalence and abundance of 1.00, 6 % and 0.06 was recorded in winter and 
1.86, 35 % and 0.65 during summer respectively (See Table 5.2.). 
A. japonicus:- Specimens were collected from Loskop Dam on the skin of 0. 
mossambicus during the autumn survey. Mean intensity, prevalence and abundance of 
1.00, 5 % and 0.10 was recorded respectively (See Table 5.2.). 
Dolops rananing- Specimens were collected from Loskop Dam in the mouth and gill 
openings of 0. mossambicus, during the autumn survey. Mean intensity, prevalence 
and abundance of 1.00, 5 % and 0.25 was recorded respectively (See Table 5.2.). 
Fungus on the gills:- Fungus was observed at Loskop Darn on the gills of 0. 
mossambicus, during the summer survey. Mean intensity, prevalence and abundance 
of 0.20, 50 % and 2.00 was recorded respectively (See Table 5.2.). 
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Endoparasites 
Larval nematodes in the body cavity:- Larval nematodes were collected in the body 
cavity of 0. mossambicus at Mamba and Balule. A mean intensity, prevalence and 
abundance was recorded at Mamba during winter at 2.00, 20 % and 1.15 and at Balule 
during the same period at 5.00, 5 % and 0.25 respectively (See Table 5.2.). 
Trematode cysts in the coelom:- Trematode cysts were only observed in the coelom 
of 0. mossambicus collected in the lower catchment at Mamba and Balule, during a 
single winter survey. A mean intensity of 2.00 and 5.00, prevalence of 20 % and 5 % 
and abundance of 0.25 and 1.15 was recorded at Mamba and Balule respectively (See 
Table 5.2.). 
Trematode cysts on the gills:- Trematode cysts were observed on the gills of 0. 
mossambicus collected at Mamba during winter. A mean intensity of 0.10, prevalence 
of 5 % and abundance of 2.00 was recorded respectively (See Table 5.2.). 
Trematode cysts in the muscle:- Trematode cysts were observed in the muscle of 0. 
mossambicus collected at Mamba but only during a single winter survey. A mean 
intensity of 0.30, prevalence of 5 % and abundance of 6.00 was recorded respectively 
(See Table 5.2.). 
Trematode cysts on the fins (black spot):- Trematode cysts were observed on the 
fins of 0. mossambicus collected at Loskop Dam and Mamba during winter. A mean 
intensity of 0.29, prevalence of 12 % and abundance of 2.50 was recorded at Loskop 
Dam with a mean intensity of 0.05, prevalence of 5 % and abundance of 1.00 at 
Mamba respectively (See Table 5.2.). 
Trematode cysts on the skin (black spot):- Trematode cysts were observed on the 
skin of 0. mossambicus collected at Loskop Dam during spring and summer and at 
Mamba during winter. A mean intensity of 3.20 and 0.25, prevalence of 25 % and 5 % 
and abundance of 12.80 and 5.00 was recorded at Loskop Dam with a mean intensity 
of 0.05, prevalence of 5 % and abundance of 1.00 at Mamba respectively (See Table 
5.2.). 
Trematode cysts on the liver:- Trematode cysts were observed on the liver of 0. 
mossambicus collected at Loskop Dam but only during a single autumn survey. A 
mean intensity of 0.30, prevalence of 10 % and abundance of 3.00 was recorded 
respectively (See Table 5.2.). 
5.3.4. Four main parasite infestations recorded for C. gariepinus 
Data was assessed for certain parasites collected from C. gariepinus separately (those 
parasites that were collected during most surveys at each of the four-sample sites) 
namely, L. clariae, Trypanosoma sp., larval nematodes in the body cavity and pooled 
data for trematode cysts. This was done in order to determine if the proposed 
hypothesis mentioned in the methods was accurate. The number of parasites observed 
for 0. mossambicus or B. marequensis were not collected in sufficient numbers and at 
regular intervals to test the hypothesis. 
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Ectoparasite 
L. clariae:- Directly after the floods in April the number of these gill parasites 
collected from C. gariepinus were recorded marginally higher at Loskop Dam when 
compared to Bronkhorstspruit Dam at four and three specimens respectively. With 
only three fish caught during the winter survey at Bronkhorstspruit Dam no parasites 
were observed, with two specimens collected from C. gariepinus at Loskop Dam 
during the same period. Both river points were sampled during winter with no 
specimens collected from fish at either site. During spring, one specimen was 
collected from C. gariepinus at Loskop Dam and six from the same fish species at 
Bronkhorstspruit Dam. During the summer survey only four fish were collected at 
Loskop Dam with no parasites observed, with only two specimens collected from the 
nineteen fish sampled at Bronkhorstspruit Dam. In the lower catchment during 
summer, eight specimens were collected from C. gariepinus at Mamba and two from 
the same fish species at Balule respectively (See Figure 5.2.). 
Endoparasites 
Trypanosoma sp.:- During the autumn survey, these blood parasite numbers were 
recorded higher in C. gariepinus sampled at the control dam site as compared to 
Loskop Dam at twenty-six and zero individuals respectively. With three fish caught 
during the winter survey at Bronkhorstspruit Dam ten individuals were observed, with 
only one in blood smears made from C. gariepinus at Loskop Dam during the same 
period. Both river points were sampled during winter with seventeen individuals 
observed from blood smears made from C. gariepinus sampled at Mamba and nine 
from Balule respectively. During spring one individual was collected from C. 
gariepinus at Loskop Dam and eight from Bronkhorstspruit Dam. During the summer 
survey only four fish were collected at Loskop Dam with no parasites observed, with 
eighteen individuals observed in the blood smears of the nineteen fish sampled at 
Bronkhorstspruit Dam. In the lower catchment during summer, four individuals were 
observed in the blood smears of C. gariepinus sampled at Mamba and one from the 
same fish species sampled at Balule respectively (See Figure 5.3.). 
Larval nematodes in the body cavity:- During the autumn survey, larval nematode 
numbers were recorded higher from C. gariepinus sampled at the polluted dam site as 
compared to the same fish species sampled at Bronkhorstspruit Dam at ± 500 and ± 
150 specimens respectively:With only three fish caught during the winter survey at 
Bronkhorstspruit Dam no specimens were observed. A total of ± 600 larval 
nematodes were observed in the body cavity of C. gariepinus from Loskop Dam 
during the same period. Both river points were sampled during winter with ± 36 larval 
nematodes observed from C. gariepinus collected at Mamba and ± 1111 from the 
same fish species, sampled at Balule respectively. During spring ± 1600 larval 
nematodes were observed from C. gariepinus collected at Loskop Dam and ± 60 from 
the same fish species at Bronkhorstspruit Dam. During the summer survey only four 
fish were collected at Loskop Dam with ± 2600 larval nematodes observed, with only 
± 43 collected from the nineteen fish sampled at Bronkhorstspruit Dam during the 
same period. In the lower catchment during summer, ± 15 larval nematodes were 
observed in C. gariepinus collected at Mamba and ± 16 from the same fish species 
collected at Balule respectively (See Figure 5.4.). 
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Trematode cysts:- During the autumn survey, unidentified trematode cyst numbers 
were recorded higher in C. gariepinus sampled at the polluted dam site as compared 
to the same fish species collected at Bronkhorstspruit Dam at an estimated 611 and 44 
cysts respectively. With three fish caught during the winter survey at Bronkhorstspruit 
Dam no cysts were observed, with an estimated 270 in C. gariepinus at Loskop Dam 
during the same period. Both river points were sampled during winter with an 
estimated 233 cysts observed in C. gariepinus at Mamba and 65 at Balule. During 
spring an estimated 645 cysts were observed in C. gariepinus sampled at Loskop Dam 
and 310 in C. gariepinus from Bronkhorstspruit Dam. During the summer survey only 
four fish were collected at Loskop Dam with no cysts observed, with an estimated 113 
cysts from the nineteen fish sampled at Bronkhorstspruit Dam. In the lower 
catchment during summer, an estimated 48 cysts were observed in C. gariepinus 
collected at Mamba and none from the same fish species at Balule respectively (See 
Figure 5.5.). 
5.3.5. Pooled results using parasite numbers 
Ectoparasites 
C. gariepinus:- Throughout the study ectoparasite numbers were higher at 
Bronkhorstspruit Dam when compared to Loskop Dam, complying with the 
assumption that higher ectoparasite numbers are expected at the less polluted sample 
site. Ectoparasite numbers of thirty-one (autumn), ten (winter), fifteen (spring) and 
twenty-one (summer) were recorded at Bronkhorstspruit Dam showing no seasonal 
trends with five, three, two and two at Loskop Dam for the same periods. Higher 
ectoparasite numbers were recorded at Mamba when compared to Balule indicating 
that the river points did not reflect the expected trend. Ectoparasite numbers of 
seventeen and twelve were recorded at Mamba with nine and four at Balule during 
winter and summer respectively (See Figure 5.6.). 
0. mossambicus and B. marequensis:- No general trends were observed between 
seasons or sample sites in the upper or lower catchment areas. Ectoparasite numbers 
of twenty-seven (autumn), one (winter), zero (spring) and fifty-four (summer) were 
recorded for 0. mossambicus at Loskop Dam. With no ectoparasites collected from 0. 
mossambicus during the single winter survey at Mamba and Balule. Ectoparasite 
numbers of zero (autumn), seventy-eight (winter), three (spring) and four (summer) 
were recorded for B. marequensis at Bronkhorstspruit Dam (See Figure 5.7.). 
Endoparasites 
C. gariepinus:- Throughout the study, endoparasite numbers were higher at Loskop 
Dam when compared to Bronkhorstspruit Dam, complying with the assumption that 
higher endoparasite numbers are expected at the more polluted sample site. Values of 
± 2332 (autumn), ± 871 (winter), ± 2267 (spring) and ± 2600 (summer) were 
recorded at Loskop Dam, showing a decrease in numbers during winter, with ± 237, 0, 
± 436 and ± 364 recorded at Bronkhorstspruit Dam for the same periods. Higher 
endoparasite numbers were recorded at Mamba when compared to Balule during 
winter, with values of ± 1432 and ± 1371 respectively. This ratio reflects the expected 
trend. Values were however, lower at Mamba when compared to Balule during 
summer at ± 11 and ± 237 respectively (See Figure 5.8.). 
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0. mossambicus and B. marequensis:- No seasonal trends were observed during 
seasons or between sample sites throughout the study. Directly after the flood, higher 
endoparasite numbers were recorded for B. marequensis at the control dam site, 
reflecting the opposite trend to what was expected. This trend was followed through 
to winter but reversed during the spring and summer surveys. Values of ± 322 
(autumn), ± 833 (winter), 0 (spring), ± 20 (summer) were recorded at 
Bronkhorstspruit Dam for B. marequensis as compared to ± 60, ± 43, ± 256 and ± 300 
at Loskop Dam for 0. mossambicus during the same periods. Higher endoparasite 
numbers were recorded for 0. mossambicus at Mamba when compared to Balule 
during the single winter survey, supporting the assumption that higher endoparasite 
number should be found at the more polluted sample site, values recorded were ± 323 
and ± 105 respectively (See Figure 5.9.). 
5.3.6. Blood variables for C. gariepinus 
White Blood Cell Counts (WBC %) 
The same trend was observed for C. gariepinus at the two dam sites recording the 
highest mean WBC % values during autumn at 18.93 % (Loskop Dam) and 12.62 % 
(Bronkhorstspruit Dam) respectively. A sharp decrease was observed during the 
following survey in winter to 1.56 % and 2.19 % respectively, however, a steady 
increase in values was noted from spring to summer with 11.04 % and 11.25 % 
respectively. At the two river points, decreases were observed for C. gariepinus WBC 
% from winter to summer, only slightly so at Mamba from 8.09 % to 7.92 %, more so 
at Balule from 6.21 % to 2.81 % respectively (See Table 5.3.). The minimum value 
recorded at Loskop Dam was 0.50 % during winter, with a maximum of 32.60 % 
during autumn. The minimum value recorded at the control dam was 1.29 % also 
during winter with a maximum of 35.00 % during the previous season in April. In the 
lower catchment minimum values ranged from 2.80 % recorded at Mamba to 0.00 % 
at Balule, with maximum values of 17.20 % and 16.50 % at Mamba and Balule 
respectively (See Table 5.3.). Standard deviations recorded were high at all four-
sample sites, however, standard error values remained low either recording values 
below or close to one. A high standard error value of 2.63 was recorded at Loskop 
Dam during summer reflecting the small sample size assessed there of only four fish 
(See Table 5.3.). 
Haematocrit (Hct %) 
Mean Hct % values recorded for C. gariepinus increased slightly throughout the 
study, from 25.44 % (autumn), 30.61 % (winter) and 35.00 % (spring) to 34.30 % 
(summer) at Loskop Dam, and from 28.46 % (autumn), 32.53 % (winter) and 31.56 % 
(spring) to 34.61 % (summer) at Bronkhorstspruit Dam. Likewise from 33.72 % 
(winter) to 35.37 % (summer) at Mamba. A decrease was however, observed in mean 
values at Balule from 32.35 % (winter) to 30.67 % (summer) respectively (See Table 
5.3.). The minimum value recorded at Loskop Dam was 16.36 % during autumn, with 
a maximum of 47.06 % during spring. The minimum value of 14.04 % was recorded 
at Bronkhorstspruit Dam during autumn with a maximum of 47.60 % during spring. 
Both minimum and maximum values were recorded at Mamba during winter at 19.72 
% and 46.38 % respectively. A minimum of 21.43 % was recorded at Balule during 
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Figure 5.2. Numbers of Lamproglena clariae observed on the gills of C. gariepinus collected from Loskop 
Dam, Bronkhorstspruit Dam, Mamba and Balule during autumn (April 1996), winter (winter 1996), spring 
(October 1996) and summer (January 1997) surveys respectively 
Figure 5.3. Numbers of Trypanosoma sp. observed in the blood smears of C. gariepinus collected from 
Loskop Dam, Bronkhorstspruit Dam, Mamba and Balule during autumn (April 1996), winter (winter 1996), 
spring (October 1996) and summer (January 1997) surveys respectively 
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Figure 5.4. Numbers of larval nematodes observed in the body cavity of C. gariepinus collected from 
Loskop Dam, Bronkhorstspruit Dam, Mamba and Balule during autumn (April 1996), winter (winter 1996), 
spring (October 1996) and summer (January 1997) surveys respectively 
Figure 5.5. Numbers of combined trematode cysts observed in/on C. gariepinus collected from Loskop 
Dam, Bronkhorstspruit Dam, Mamba and Balule during autumn (April 1996), winter (winter 1996), spring 
(October 1996) and summer (January 1997) surveys respectively 
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Figure 5.7. Pooled ectoparasite numbers recorded for 0. mossambicus collected at Loskop Dam, Mamba 
and Balule and from B. marequensis at Bronkhorstspruit Dam, during autumn (April 1996), winter (winter 
1996), spring (October 1996) and summer (January 1997) surveys respectively. 
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Figure 5.8. Pooled endoparasite numbers recorded for C. gariepinus collected at Loskop Dam, 
Bronkhorstspruit Dam, Mamba and Balule during autumn (April 1996), winter (winter 1996), spring 
(October 1996) and summer (January 1997) surveys respectively. 
Seasons 
Figure 5.9. Pooled endoparasite numbers recorded for 0. mossambicus collected at Loskop Dam, Mamba 
and Balule and from B. marequensis at Bronkhorstspruit Dam, during autumn (April 1996), winter (winter 
1996), spring (October 1996) and summer (January 1997) surveys respectively. 
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summer with 47.82 % during winter as maximum value (See Table 5.3.). Standard 
deviations recorded were high at all four-sample sites, however, recorded standard 
error values remained low with values below or close to one (See Table 5.3.). 
Plasma Protein (mg/1) 
Lower mean plasma protein values were recorded for C. gariepinus at Loskop Dam 
when compared to the other three-sample sites with values dropping from 5.95 mg/1 
(autumn) to 0.24 mg/1 (winter), 0.30 mg/1 (spring) and 0.26 mg/1 (summer) 
respectively. Mean values recorded at Bronkhorstspruit Dam were variable, 
decreasing from 6.19 mg/1 (autumn) to 2.65 mg/1 (winter), increasing again to 4.40 
mg/1 (spring) and 4.57 mg/1 (summer) respectively. The two river points remained 
comparable between seasons with 3.23 mg/1 and 3.42 mg/1 recorded at Mamba and 
Balule during winter, and 4.89 mg/1 and 4.21 mg/1 during summer respectively (See 
Table 5.3.). The minimum value of 0.11 mg/1 was recorded at Loskop Dam during 
winter with a maximum of 6.54 mg/1 during autumn. Likewise at Bronkhorstspruit 
Dam minimum and maximum values were recorded during winter and autumn at 2.05 
mg/1 and 7.90 mg/1 respectively. In the lower catchment, minimum values were 
recorded during winter at 2.30 mg/1 (Mamba) and 2.09 mg/1 (Balule), with maximum 
values both recorded during summer at 8.51 mg/1 (Mamba) and 5.24 mg/1 (Balule) 
respectively (See Table 5.3.). Standard deviation and standard error values remained 
low throughout the study at all four-sample sites (See Table 5.3.). 
5.3.7. Blood variables for B. marequensis 
White Blood Cell Counts (WBC %) 
Mean WBC % values recorded for B. marequensis at Bronkhorstspruit Dam during all 
four-seasons were lower than those observed for C. gariepinus. Values however, 
increased from autumn to winter, decreasing again from winter to spring and into 
summer, namely at 3.62 %, 6.34 %, 4.91 % and 3.71 % respectively. A minimum 
value of 0.57 % was recorded during summer with 14.30 % during spring as 
maximum value. Standard deviations were high, however standard error values 
remained well below one (See Table 5.4.). 
Haematocrit % (Hct %) 
Higher mean Hct % was recorded for B. marequensis at Bronkhorstspruit Dam when 
compared to C. gariepinus collected from the same site. Mean values remained stable 
increasing slightly from 37.34 % in autumn to 40.79 % in winter, and 46.09 % in 
spring, decreasing again to 39.10 % in summer. The minimum value of 0.72 % was 
recorded during summer with 80 % recorded during autumn as maximum value. Both 
standard deviation and standard error values remained high throughout the study (See 
Table 5.4.). 
Plasma Protein (mg/1) 
Plasma protein values recorded for B. marequensis remained constant throughout the 
study with 0.32 mg/1, 0.24 mg/1, 0.30 mg/1 and 0.30 mg/1 recorded during autumn, 
winter, spring and summer respectively. A minimum value was recorded at 0.15 mg/1 
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during winter with maximum value of 0.48 mg/1 during spring respectively. Standard 
deviation and standard error values remained low throughout the study (See Table 
5.4.). 
5.3.8. Blood variables for 0. mossambicus 
White Blood Cell Counts (WBC %) 
Mean WBC % values recorded for 0. mossambicus were much lower than those 
observed for C. gariepinus at Loskop Dam, Mamba and Balule. The highest mean 
value was recorded at Loskop Dam during winter at 3.10 % as compared to 1.97 % 
during autumn, 1.64 % during spring and 1.76 % during summer respectively. 0. 
mossambicus was only collected from Mamba and Balule during a single winter 
survey, with WBC % of 2.06 % recorded at Mamba and 68 % at Balule respectively 
(See Table 5.4.). Minimum values of 0 % were recorded at Loskop Dam (spring) and 
Mamba (winter) respectively, with a value of 0.68 % at Balule. Maximum values of 
9.62 %, 7.33 % and 3.30 % were recorded at Loskop Dam, Mamba and Balule during 
winter surveys respectively (See Table 5.4.). Standard deviation and standard error 
values remained low throughout the study at all three-sample sites (See Table 5.4.). 
Haematocrit % (Hct %) 
Higher mean Hct % values were recorded for 0. mossambicus at Loskop Dam when 
compared to C. gariepinus collected from the same site. Similar increases and 
decreases were observed in Hct % recorded for 0. mossambicus at Loskop Dam when 
compared to B. marequensis values recorded at Bronkhorstspruit Dam. Mean values 
remained stable increasing slightly from 31.87 % in autumn to 38.71 % in winter and 
47.95 % in spring, decreasing again to 35.51 % in summer (See Table 5.4.). A 
minimum value was recorded at Loskop Dam during winter at 12.30 % with a 
maximum of 57.81 % during spring in the same year. Both standard deviation and 
standard error values remained high throughout the study at Loskop Dam (See Table 
5.4.). Mean Hct % values recorded for 0. mossambicus at Mamba and Balule were 
lower than those observed for C. gariepinus collected from the same sites. A mean 
value of 22.50 % was recorded at Mamba and 26.36 % at Balule during the single 
winter survey (See Table 5.4.). A minimum of 18.52 % and 21.54 % and maximum 
of 27.54 % and 33.33 % was recorded at Mamba and Balule respectively (See Table 
5.4.). Standard deviations were high with standard error values recorded below one at 
both sample sites (See Table 5.4.). 
Plasma Protein (mg/I) 
Mean plasma protein values recorded at Loskop Dam were high with a value of 0.35 
mg/1 recorded during autumn, 0.19 mg/1 during winter, 0.59 mg/1 during spring and 
0.35 mg/1 during summer respectively. The two river points remained comparable 
between seasons with 0.18 mg/1 and 0.19 mg/1 recorded at Mamba and Balule during 
the single winter survey (See Table 5.4.). A minimum of 0.11 mg/1 and maximum of 
2.61 mg/1 was recorded at Loskop Dam during winter and spring respectively. 
Minimum values of 0.12 mg/1 and 0.16 mg/1 and maximum values of 0.24 mg/1 and 
0.24 mg/1 were recorded at Mamba and Balule, standard deviation and standard error 
values remained low throughout the study at all three-sample sites (See Table 5.4.). 
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5.3.9. HAI calculations 
With an index rating of 0 considered normal and 30 an indication of a severe 
departure from the norm, the higher the HAI calculation for the population being 
assessed the poorer the health profile of the fish in that aquatic system. 
C. gariepin us 
In the upper catchment area HAI values were generally higher at Loskop Dam when 
compared to Bronkhorstspruit Dam, with the condition profile decreasing (decline in 
fish health) after the floods, improving again from winter through to summer. Values 
recorded at Bronkhorstspruit Dam indicated a similar trend, with an additional decline 
in fish condition observed during the last survey in summer. In the lower catchment 
area an improvement in overall fish condition was observed at Mamba and Balule 
from winter to summer. HAI values recorded at Mamba remained higher than those at 
Balule throughout the study (See Table 5.5.). 
When the original HAI designed by Adams et al. (1993) was employed, values of 
113.75 (autumn), 108.00 (winter), 101.76 (spring) and 102.50 (summer) were 
recorded at Loskop Dam. Splitting parasites into two groups namely, endo- and 
ectoparasites (Endo/Ecto Present Index), values of 115.63 (autumn), 109.00 (winter), 
102.94 (spring) and 105.00 (summer) were recorded at Loskop Dam. Using a 
"Refined Index", which incorporates a variable ranking scale for endo- and 
ectoparasites, values of 107.50 (autumn), 102.50 (winter), 106.47 (spring) and 120.00 
(summer) were recorded at Loskop Dam respectively (See Table 5.5.). 
Values of 97.50 (autumn), 96.67 (winter), 72.00 (spring) and 105.26 (summer) were 
recorded at Bronkhorstspruit Dam when the original HAI was employed. Values of 
99.00 (autumn), 96.67 (winter), 73.50 (spring) and 106.84 (summer) were recorded at 
Bronkhorstspruit Dam when the Endo/Ecto Present Index was employed. Values of 
94.50 (autumn), 96.67 (winter), 68.00 (spring) and 98.95 (summer) were recorded at 
Bronkhorstspruit Dam when the Refined Index was employed (See Table 5.5.). 
Values of 105.00 (winter) and 105.00 (summer) were recorded at Mamba and 93.33 
(winter) and 55.50 (summer) at Balule when the original HAI was employed. Values 
of 105.00 (winter) and 107.50 (summer) were recorded at Mamba and 93.33 (winter) 
and 56.50 (summer) at Balule when the Endo/Ecto Present Index was employed. 
Values of 100.00 (winter) and 97.50 (summer) were recorded at Mamba and 90.56 
(winter) and 48.00 (summer) at Balule when the Refined Index was employed (See 
Table 5.5.). 
Standard deviations recorded for each sample site per season remained constant, with 
the only exception observed at Bronkhorstspruit Dam, directly after the floods during 
April (autumn), with values of 35.53, 36.84 and 35.02 recorded for the original HAI, 
Endo/Ecto Present Index and Refined Index respectively. Coefficient of variations 
(CV %) remained < 15 % at Loskop Dam throughout the study with values exceeding 
15 % at Bronkhorstspruit Dam during autumn and spring for all three HAI ratings. In 
the lower catchment CV % recorded at Balule was > 15 % throughout the study with 
high values recorded for the Refined Index at Mamba at 18.35 and 16.11 during 
winter and summer respectively (See Table 5.5.). 
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B. marequensis 
Values recorded at Bronkhorstspruit Dam for B. marequensis increased from autumn 
to winter, decreasing again from winter to spring into summer (See Table 5.6.). 
Values of 70.00 (autumn), 73.00 (winter), 64.00 (spring) and 58.89 (summer) were 
recorded at Bronkhorstspruit Dam when the original HAI was employed. Values of 
70.00 (autumn), 74.00 (winter), 64.00 (spring) and 58.89 (summer) were recorded at 
Bronkhorstspruit Dam when the Endo/Ecto Present Index was employed. Values of 
70.00 (autumn), 80.00 (winter), 64.00 (spring) and 58.33 (summer) were recorded at 
Bronkhorstspruit Dam when the Refined Index was employed (See Table 5.6.). 
Standard deviations recorded at Bronkhorstspruit Dam throughout the study remained 
constant. Coefficient of variations (CV %) exceeded 15 % at Bronkhorstspruit Dam 
throughout the study (See Table 5.6.). 
0. mossambicus 
HAI ratings recorded at Loskop Dam for 0. mossambicus followed the same trends 
observed for B. marequensis at Bronkhorstspruit Dam, with the condition profile 
increasing from autumn to winter, decreasing again from winter to spring into 
summer. Values recorded at Mamba were higher (poorer condition profile) than those 
recorded at Balule (See Table 5.6.). 
Values of 65.50 (autumn), 88.82 (winter), 64.00 (spring) and 56.50 (summer) were 
recorded at Loskop Dam when the original HAI was employed. Values of 66.00 
(autumn), 88.82 (winter), 64.00 (spring) and 56.50 (summer) were recorded at Loskop 
Dam when the Endo/Ecto Present Index was employed. Values of 65.00 (autumn), 
87.65 (winter), 61.50 (spring) and 63.16 (summer) were recorded at Loskop Dam 
when the Refined Index was employed (See Table 5.6.). 
A value of 88.00 (winter) was recorded at Mamba and 76.00 (winter) at Balule when 
the original HAI was employed. A value of 88 (winter) was recorded at Mamba and 
76.00 (winter) at Balule when the Endo/Ecto Present Index was employed. A value of 
84.50 (winter) was recorded at Mamba and 75.50 (winter) at Balule when the Refined 
Index was employed (See Table 5.6.). 
Standard deviations recorded for Loskop Dam, Mamba and Balule throughout the 
study remained constant. Coefficient of variations (CV %) remained < 15 % at 
Mamba and Balule with values exceeding 15 % at Loskop Dam throughout the study 
for all three HAI ratings (See Table 5.6.). 
5.3.10. The use of logistic regression analysis 
Before using logistic regression analysis cross tabulation techniques and Chi t analysis 
was used to eliminate those HAI variables which did not provide any significant 
difference between sample sites. This limits the amount of data required to developed 
the final models using logistic regression analysis. Those variables further eliminated 
using logistic regression anaysis have been cross tabulated against the successfully 
deployed variables to indicate why these variables may have been eliminated. 
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Data collected during the initial pilot studies by Marx (1996) on C. gariepinus and by 
Robinson (1996) on 0. mossambicus was first assessed. The variables suggested as 
being indicative of differences during drought conditions were then used to evaluate 
the data collected at the same two sample sites for the same two fish speceis during 
the 1996/1997 flood. The data collected during the 1996/1997 flood was also assessed 
separately to determine if any differences exist between drought and flood conditions. 
The results that follow when crosstabulation, Chi 2 analysis and logistic regression 
anaysis were employed are quite laborious, but are included as it is deamed necessary 
for a complete assessment of the results for each model employed. 
A brief overview of the results however, indicates that parasites and WBC % are the 
most indicative variables selected for during drought conditions using a combined 
data set (data for C. gariepinus and 0. mossambicus) and for C. gariepinus on its 
own. Parasites and fins were selected for 0. mossambicus data on its own. This 
applies to data collected for the original HAI, the HAI where endoparasites and 
ectoparasites are separated into two groups and for the HAI with a refined parasite 
index component. 
When the flood data was assessed using the models developed during drought 
conditions first WBC % and then parasites were chosen as indicative of differences 
between Mamba and Balule using C. gariepinus and 0. mossambicus combined and 
separately. This however only applies to data collected for the original HAI for 0. 
mossambicus. When data was assessed for 0. mossmabicus using the HAI where 
endoparasites and ectoparasites are separated into two groups and for the HAI with a 
refined parasite index component both models failed. 
When the data collected during flood conditions was assessed separately, models 
could only be deployed for the original HAI and for the HAI where endoparasites and 
ectoparasites are separated into two groups. The HAI with a refined parasite index 
component could not be tested, as the data set was not big enough. Using a combined 
data set (C. gariepinus and 0. mossambicus) it was indicated that WBC % was the 
only variable which suggested differences existed between fish collected at Mamba 
and Balule respectively. When the HAI where endoparasites and ectoparasites are 
separated into two groups was tested the model failed. Using data collected for C. 
gariepinus on its own WBC % and parasites were the variables which suggested 
differences between sample sites when both models were employed. More 
particularly endoparasites were selected for when using the data collected for the HAI 
where endoparasites and ectoparasites are separated into two groups. Data collected 
for 0. mossambicus on its own also indicated that WBC % and parasites were the 
variables most suggestive of differences between sample sites, however only when 
using data collected for the original HAI. When the HAI where endoparasites and 
ectoparasites are separated into two groups was tested the model failed. 
A full-length description of the results now follows. 
5.3.11. Cross tabulation and Chi 2 analysis of data collected during the drought in  
1994 
Of the seventeen variables used in the HAI during drought conditions, namely eyes, 
skin, fins, gills, opercules, pseudobranchs, liver, spleen, hindgut, kidney, plasma 
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protein, WBC %, all parasites, endoparasites present, ectoparasites present, 
endoparasites refined and ectoparasites refined, only eight variables were seen as 
being highly significant when Chi t analysis was employed. These variables enabled 
comparison of data collected at Mamba and Balule when logistic regression analysis 
was employed. These variables include skin with a P-value of 0.003, fins with a P-
value of 0.007, liver with a P-value of 0.041, WBC % with a P-value of 0.042, all 
parasites with a P-value of 0.002, ectoparasites present with a P-value of 0.000, 
endoparasites refined with a P-value of 0.000 and ectoparasites refined with a P-value 
of 0.000 respectively (See Table 5.7.). 
5.3.12. Logistic regression analysis 
Logistic regression analysis for C. gariepinus and 0. mossambicus data combined, 
collected from Mamba and Balule during drought conditions 
Values for skin, fins, liver, WBC % and all parasites were used during logistic 
regression analysis, whereby a model was developed for the original HAI. A total of 
58.01 % of the fish were correctly classified when the data collected for all parasites 
on their own were used. Using all parasites and WBC % together, one can classify 
58.97 % of the fish correctly. Using all parasites, WBC % and skin, one can classify 
60.90 % of the fish correctly. Using all parasites, WBC %, skin and liver one can 
classify 60.90 % of the fish correctly, (working to the eighth decimal place shows a 
slight improvement in the classification). Using all parasites, WBC %, skin, liver and 
fins one can classify 61.86 % of the fish correctly. Of these fish 54.78 % were 
correctly classified as fish from Mamba, and 69.03 % as fish from Balule (See Table 
5.8.). 
Values for skin, fins, liver, WBC % and ectoparasites present were used during 
logistic regression analysis, whereby a model was developed for the HAI where 
endoparasites and ectoparasites are separated into two groups. A total of 68.59 % of 
the fish were correctly classified when data collected for ectoparasites present were 
used. Using ectoparasites present and fins one can classify 68.59 % of the fish 
correctly, (working to the eighth decimal place shows a slight improvement in the 
classification). Using ectoparasites present, fins and liver one can classify 68.59 % of 
the fish correctly, (working to the eighth decimal place shows a slight 
improvement in the classification). Of these fish 82.17 % were correctly classified 
as fish from Mamba, and 54.84 % as fish from Balule (See Table 5.8.). 
Values for skin, fins, liver, WBC %, endoparasites refined and ectoparasites refined 
were used during logistic regression analysis, whereby a model was developed for the 
HAI with a refined parasite index component. A total of 68.91 % of the fish were 
correctly classified when data collected for ectoparasites refined were used. Using 
ectoparasites refined and endoparasites refined together, one can classify 70.83 % of 
the fish correctly. Using ectoparasites refined, endoparasites refined and fins, one can 
classify 73.40 % of the fish correctly. Using ectoparasites refined, endoparasites 
refined, fins and skin one can classify 73.72 % of the fish correctly. Of these fish 
87.90 % were correctly classified as fish from Mamba, and 58.71 % as fish from 
Balule (See Table 5.8.). 
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5.3.13. Cross tabulation and Chi t analysis of variables eliminated from the model 
developed during drought conditions, these variables were tabulated 
against included variables  
During logistic regression analysis of the original HAI, whereby all parasites, WBC 
%, skin, liver and fins were inputted into the model, no variables were eliminated. 
During logistic regression analysis of the Endo/Ecto Present Index, whereby 
ectoparasites present, WBC %, skin, liver and fins were inputted into the model, 
WBC % and skin were eliminated. After cross tabulation of variables eliminated from 
the model, a significant difference was recorded between ectoparsites present and skin 
indicating a possible relationship exists between these two variables with a P-value of 
0.000. Likewise a significant difference was recorded between fins and WBC % with 
a P-value of 0.039 and between fins and skin with a P-value of 0.030 respectively 
(See Table 5.9.). During logistic regression analysis of the Refined Index, whereby 
ectoparasites refined, endoparasites refined, WBC %, skin, liver and fins were 
inputted into the model, WBC % and liver were eliminated. After cross tabulation of 
variables eliminated from the model, a significant difference was recorded between 
fins and WBC % with a P-value of 0.039. Likewise a significant difference was 
recorded between fins and liver with a P-value of 0.005 and between skin and WBC 
% with a P-value of 0.009 respectively (See Table 5.9.). 
5.3.14. Logistic regression analysis 
Logistic regression analysis for C. gariepinus data, collected from Mamba and 
Balule during drought conditions 
Values for skin, fins, liver, WBC % and all parasites were used during logistic 
regression analysis, whereby a model was developed for the original HAI. A total of 
59.87 % of the fish were correctly classified when data collected for WBC % was 
used. Of these fish 53.25 % were correctly classified as fish from Mamba, and 66.25 
% as fish from Balule (See Table 5.10.). 
Values for skin, fins, liver, WBC % and ectoparasites present were used during 
logistic regression analysis whereby a model was developed for the HAI where 
endoparasites and ectoparasites are separated into two groups. A total of 64.97 % of 
the fish were correctly classified when data collected for ectoparasites present were 
used. Using ectoparasites present and WBC % together one can classify 64.97 % of 
the fish correctly, (working to the eighth decimal place shows a slight improvement in 
the classification). Of these fish 79.22 % were correctly classified as fish from 
Mamba, and 51.25 % as fish from Balule (See Table 5.10.). 
Values for skin, fins, liver, WBC %, endoparasites refined and ectoparasites refined 
were used during logistic regression analysis, whereby a model was developed for the 
HAI with a refined parasite index component. A total of 73.89 % of the fish were 
correctly classified when data collected for ectoparasites refined were used. Using 
ectoparasites refined and endoparasites refined together, 73.89 % of the fish were 
correctly classified, (working to the eighth decimal place shows a slight improvement 
in the classification). Using ectoparasites refined, endoparasites refined and skin, 
73.89 % of the fish were correctly classified, (working to the eighth decimal place 
shows a slight improvement in the classification). Of these fish 48.05 % were 
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correctly classified as fish from Mamba, and 98.75 % as fish from Balule (See Table 
5.10.). 
5.3.15. Cross tabulation and Chit analysis of variables eliminated from the model 
developed during drought conditions, these variables were tabulated 
against included variables  
During logistic regression analysis of the original HAI, whereby all parasites, WBC 
%, skin, liver and fins were inputted into the model, all parasites, liver, skin and fins 
were eliminated. After cross tabulation of variables eliminated from the model, a 
significant difference was recorded between all parasites and WBC % with a P-value 
of 0.005 and between skin and WBC % with a P-value of 0.012 respectively (See 
Table 5.11.). During logistic regression analysis of the Endo/Ecto Present Index, 
whereby ectoparasites present, WBC %, skin, liver and fins were inputted into the 
model, skin, liver and fins were eliminated. After cross tabulation of variables 
eliminated from the model, a significant difference was recorded between 
ectoparasites present and skin with a P-value of 0.007. Likewise a significant 
difference was recorded between skin and WBC % with a P-value of 0.012 (See Table 
5.11.). During logistic regression analysis of the Refined Index, whereby ectoparasites 
refined, endoparasites refined, WBC %, skin, liver and fins were inputted into the 
model, WBC %, liver and skin were eliminated. After cross tabulation of variables 
eliminated from the model, a significant difference was recorded between WBC % 
and endoparasites refined with a P-value of 0.011, between WBC % and skin with a 
P-value of 0.012 and between fins and skin with a P-value of 0.030 (See Table 5.11.). 
5.3.16. Logistic regression analysis 
Logistic regression analysis for 0. inossambicus data, collected from Mamba and 
Balule during drought conditions 
Values for skin, fins, liver, WBC % and all parasites were used during logistic 
regression analysis, whereby a model was developed for the original HAI. A total of 
67.74 % of the fish were correctly classified when data collected for all parasites was 
used. Using all parasites and fins together, 67.74 % of the fish were correctly 
classified, (working to the eighth decimal place shows a slight improvement in the 
classification). Using all parasites, fins and liver, 70.97 % of the fish were correctly 
classified. Of these fish 61.25 % were correctly classified as fish from Mamba, and 
81.33 % as fish from Balule (See Table 5.12.). 
Values for skin, fins, liver, WBC % and ectoparasites present were used during 
logistic regression analysis, whereby a model was developed for the HAI where 
endoparasites and ectoparasites are separated into two groups. A total of 72.26 % of 
the fish were correctly classified when data collected for ectoparasites present was 
used. Using ectoparasites present and fins, 72.26 % of the fish were correctly 
classified, (working to the eighth decimal place shows a slight improvement in the 
classification). Using ectoparasites present, fins and liver, 72.90 % of the fish were 
correctly classified. Of these fish 67.50 % were correctly classified as fish from 
Mamba, and 78.67 % as fish from Balule (See Table 5.12.). 
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Values for skin, fins, liver, WBC %, endoparasites refined and ectoparasites refined 
were used during logistic regression analysis, whereby a model was developed for the 
HAI with a refined parasite index component. A total of 72.90 % of the fish were 
correctly classified when data collected for ectoparasites refined was used. Using 
ectoparasites refined and fins together, 72.90 % of the fish were correctly classified, 
(working to the eighth decimal place shows a slight improvement in the 
classification). Using ectoparasites refined, fins and liver, 73.55 % of the fish were 
correctly classified. Of these fish 68.75 % were correctly classified as fish from 
Mamba, and 78.67 % as fish from Balule (See Table 5.12.). 
5.3.17. Cross tabulation and Chi t analysis of variables eliminated from the model 
developed during drought conditions, these variables were tabulated 
against included variables  
During logistic regression analysis of the original HAI, whereby all parasites, WBC 
%, skin, liver and fins were inputted into the model, WBC % and skin were 
eliminated. After cross tabulation of variables eliminated from the model, a 
significant difference was only recorded between all parasites and skin with a P-value 
of 0.000 (See Table 5.13.). Likewise, during logistic regression analysis of the 
Endo/Ecto Present Index, whereby ectoparasites present, WBC %, skin, liver and fins 
were inputted into the model, WBC % and skin were eliminated. After cross 
tabulation of variables eliminated from the model, a significant difference was only 
recorded between ectoparasites present and skin with a P-value of 0.000 (See Table 
5.13.). During logistic regression analysis of the Refined Index, whereby ectoparasites 
refined, endoparasites refined, WBC %, skin, liver and fins were inputted into the 
model, WBC % and skin were again eliminated. After cross tabulation of variables 
eliminated from the model, a significant difference was recorded between 
endoparasites refined and skin with a P-value of 0.000 and between ectoparasites 
refined and skin with a P-value of 0.000 respectively (See Table 5.13.). 
5.3.18. Logistic regression analysis 
Model developed using logistic regression analysis during drought conditions 
employed for C. gariepinus and 0. mossambicus data combined. Data collected 
from Mamba and Balule during flood conditions. 
Values for skin, fins, liver, WBC % and all parasites were used during logistic 
regression analysis (these variables were selected for during drought condition), 
whereby a model was developed for the original HAI. A total of 67.54 % of the fish 
were correctly classified when data collected from WBC % was used. Of these fish 
64.30 % were correctly classified as fish from Mamba, and 70.70 % as fish from 
Balule (See Table 5.14.). 
Values for skin, fins, liver, WBC % and ectoparasites present were used during 
logistic regression analysis (these variables were selected for during drought 
condition), whereby a model was developed for the HAI where endoparasites and 
ectoparasites are separated into two groups. A total of 67.54 % of the fish were 
correctly classified when data collected from WBC % was used. Of these fish 64.30 
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% were correctly classified as fish from Mamba, and 70.70 % as fish from Balule 
(See Table 5.14.). 
Values for skin, fins, liver, WBC %, endoparasites refined and ectoparasites refined 
were used during logistic regression analysis (these variables were selected for during 
drought condition), whereby a model was developed for the HM with a refined 
parasite index component. A total of 67.54 % of the fish were correctly classified 
when data collected from WBC % was used. Of these fish 64.30 % were correctly 
classified as fish from Mamba, and 70.70 % as fish from Balule (See Table 5.14.). 
5.3.19. Cross tabulation and Chi t analysis of variables eliminated from the model 
developed during drought conditions, these variables were tabulated 
against included variables  
During logistic regression analysis of the original HAI, whereby all parasites, WBC 
%, skin, liver and fins were inputted into the model, all parasites, liver, skin and fins 
were eliminated. After cross tabulation of variables eliminated from the model, a 
significant difference was only recorded between all parasites and WBC % with a P-
value of 0.000 (See Table 5.15.). During logistic regression analysis of the Endo/Ecto 
Present Index, whereby ectoparasites present, WBC %, skin, liver and fins were 
inputted into the model, ectoparasites present, skin, liver and fins were eliminated. 
After cross tabulation of variables eliminated from the model, no significant 
difference was recorded between any of the compared variables. During logistic 
regression analysis of the Refined Index, whereby ectoparasites refined, endoparasites 
refined, WBC %, skin, liver and fins were inputted into the model, ectoparasites 
refined, endoparasites refined, skin, liver and fins were eliminated. After cross 
tabulation of variables eliminated from the model, no significant difference was 
recorded between any of the compared variables. 
5.3.20. Logistic regression analysis 
Model developed using logistic regression analysis during drought conditions 
employed for C. gariepinus data. Data collected from Mamba and Balule during 
flood conditions. 
Values for skin, fins, liver, WBC % and all parasites were used during logistic 
regression analysis (these variables were selected for during drought condition), 
whereby a model was developed for the original HAI. A total of 72.97 % of the fish 
were correctly classified when data collected for WBC % was used. Using WBC % 
and all parasites together, 81.08 % of the fish were correctly classified. Using WBC 
%, all parasites and fins, 82.43 % of the fish were correctly classified. Of these fish 
91.67 % were correctly classified as fish from Mamba, and 73.68 % as fish from 
Balule (See Table 5.16.). 
Values for skin, fins, liver, WBC % and ectoparasites present were used during 
logistic regression analysis (these variables were selected for during drought 
condition), whereby a model was developed for the HAI where endoparasites and 
ectoparasites are separated into two groups. A total of 72.97 % of the fish were 
correctly classified when data collected for WBC % was used. Using WBC % and 
fins, 74.32 % of the fish were correctly classified. Of these fish 94.44 % were 
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correctly classified as fish from Mamba, and 55.26 % as fish from Balule (See Table 
5.16.). 
Values for skin, fins, liver, WBC %, endoparasites refined and ectoparasites refined 
were used during logistic regression analysis (these variables were selected for during 
drought condition), whereby a model was developed for the HAI with a refined 
parasite index component. A total of 72.97 % of the fish were correctly classified 
when data collected for WBC % was used. Using WBC % and fins, 74.32 % of the 
fish were correctly classified. Of these fish 94.44 % were correctly classified as fish 
from Mamba, and 55.26 % as fish from Balule (See Table 5.16.). 
5.3.21. Cross tabulation and Chi t analysis of variables eliminated from the model 
developed during drought conditions, these variables were tabulated 
against included variables  
During logistic regression analysis of the original HAI, whereby all parasites, WBC 
%, skin, liver and fins were inputted into the model, liver and skin were eliminated. 
After cross tabulation of variables eliminated from the model no significant 
differences was recorded between any of the compared variables. During logistic 
regression analysis of the Endo/Ecto Present Index, whereby ectoparasites present, 
WBC %, skin, liver and fins were inputted into the model, ectoparasites present, skin 
and liver were eliminated. After cross tabulation of variables eliminated from the 
model no significant differences was recorded between any of the compared variables. 
During logistic regression analysis of the Refined Index, whereby ectoparasites 
refined, endoparasites. refined, WBC %, skin, liver and fins were inputted into the 
model, ectoparasites refined, endoparasites refined, skin and liver were eliminated. 
After cross tabulation of variables eliminated from the model no significant 
differences was recorded between any of the compared variables. 
5.3.22. Logistic regression analysis 
Model developed using logistic regression analysis during drought conditions 
employed for 0. mossanzbicus data. Data collected from Mamba and Balule 
during flood conditions. 
Values for skin, liver, WBC % and all parasites were used during logistic regression 
analysis (these variables were selected for during drought condition), whereby a 
model was developed for the original HAI. A total of 65.00 % of the fish were 
correctly classified when data collected for WBC % was used. Using WBC % and all 
parasites together, 72.50 % of the fish were correctly classified. Of these fish 50.00 % 
were correctly classified as fish from Mamba, and 95.00 % as fish from Balule. Fins 
were not included in the model during this comparison as not enough differences were 
observed between normal and abnormal fins for this fish species at the two sample 
sites being investigated (See Table 5.17.). 
Values for skin, liver, WBC % and ectoparasites present were used during logistic 
regression analysis (these variables were selected for during drought condition), 
whereby a model was developed for the HAI where endoparasites and ectoparasites 
are separated into two groups. None of the variables were selected for thus the model 
failed. 
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Table 5.8. Logistic Regression Model developed for Clarias gariepinus and Oreochromis mossambicus 
data combined. Data was collected during the drought (1994) at Mamba and Balule respectively. 
Original HAI Endo/Ecto Present Index Refined Index 
Variables Correct Class Variables Correct Class Variables Correct Class 
used % used % 
. 
used % 
All parasites 58.01% Ecto-P 68.59% Ecto-R 68.91% 
WBC% 58.97% Fins 68.59% Endo-R 70.83% 
Skin 60.90% Liver 68.59% Fins 73.40% 
Liver 60.90% Skin 73.72% 
Fins 61.86% 
Original HAI Endo/Ecto Present Index Refined Index 
% Correct Classification % Correct Classification % Correct Classification 
Mamba Balule Mamba Balule Mamba I 	 Balule 
54.78% 69.03% 82.17% 
I 	
54.84% 87.90% 58.71% 
Table 5.9. Cross tabulation of variables excluded from the drought model developed for C. gariepinus and 
0. mossambicus data combined. Data collected during drought conditions at Mamba and Balule 
respectively. 
Chi2 	 Endo/Ecto Present Index 
EctoP 	 Fins 	 Liver 
WBC % 	 0.039 
Skin 	 0.000 	 0.030 
Chi 2 
	
Refined Index 
EctoR 	 EndoR 	 Fins 	 Skin 
WB C 	 0.039 	 0.009 
Liver 	 0.005 
Table 5.10. Logistic Regression Model developed for Clarias gariepinus data. Data was collected during 
the drought (1994) at Mamba and Balule respectively. 
Original HAI Endo/Ecto Present Index Refined Index 
Variables 
used 
Correct Class 
% 
4 
Variables 
used 
Correct Class 
% 
Variables 
used 
. 
Correct Class 
% 
WBC% 59.87% Ecto-P 
WBC% 
64.97% 
64.97% 
Ecto-R 
Endo-R 
Skin 
73.89% 
73.89% 
_ 	 73.89% 
Original HAI Endo/Ecto Present Index Refined Index 
% Correct Classification % Correct Classification % Correct Classification 
Mamba  Balule Mamba Balule Mamba I 	 Balule 
53.25% 66.25% 79.22% 
I 	
51.25% 48.05% I 	 98.75% 
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WBC % Ecto-P 
Skin 
Fins 
Liver 
0.012 0.007 
Ecto-R Endo-R Skin 
Original HAI 
WBC Vo 
Chi2 
All parasites 
Liver 
Skin 
Fins 
Endo/Ecto Present Index Chi 2 
Refined Index Chi2 
WBC % 
Liver 
Fins 
0.011 
0.005 
0.012 
0.012 
0.030 
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Table 5.11. Cross tabulation of variables excluded from the drought model developed for C. gariepinus 
data. Data collected during drought conditions at Mamba and Balule respectively. 
Table 5.12. Logistic Regression Model developed for 0. mossambicus data. Data was collected during the 
drought (1994) at Mamba and Balule respectively. 
Original HAI Endo/Ecto Present Index Refined Index 
Variables 
used 
Correct Class 
_ 	 % 
Variables 
used 
Correct Class 
% 
Variables 
used 
Correct Class 
% 
All parasites 
Fins 
Liver 
67.74% 
67.74% 
70.97% 
Ecto-P 
Fins 
Liver 
72.26% 
72.26% 
72.90% 
Ecto-R 
Fins 
Liver 
72.90% 
72.90% 
73.55% 
Original HAI Endo/Ecto Present Index Refined Index 
% Correct Classification % Correct Classification % Correct Classification 
Mamba Balule Mamba Balule Mamba  Balule  
61.25% 81.33% 67.50% I 	 78.67% 68.75% 78.67% 
Table 5.13. Cross tabulation of variables excluded from the drought model developed for 0. mossambicus 
data. Data collected during drought conditions at Mamba and Balule respectively. 
Chi2 Original HAI 
All Parasites Fins Liver 
WBC  % 
Skin 0.000 
- 
- 
- 
- 
Chi2 Endo/Ecto Present Index 
Ecto-P Fins Liver 
WBC% 
Skin 0.000 
- 
- 
- 
- 
Chi2 Refined Index 
Ecto-R Fins Liver 
WBC% 
Skin 0.000 
- 
- 
- 
- 
128 
Chapter 5. 	 Health Assessment Index 
Table 5.14. Logistic Regression Model developed during drought conditions applied to flood data collected 
for C. gariepinus and 0. mossambicus combined. Data was collected during the flood (1996/7) at Mamba 
and Balule respectively. 
Original HAI Endo/Ecto Present Index Refined Index 
Variables 
used 
Correct Class 
% 
Variables 
used 
Correct Class 
% 
Variables 
used 
Correct Class 
/ 	 % 
WBC% 67.54% WBC% 67.54% WBC% 67.54% 
Original HAI Endo/Ecto Present Index Refined Index 
% Correct Classification % Correct Classification % Correct Classification 
Mamba I 	 Balule Mamba I 	 Balule Mamba I 	 Balule 
64.30% 70.70% 64.30% 70.70% 64.30% 70.70% 
Table 5.15. Cross tabulation of variables excluded from the model developed during drought conditions 
and applied to flood data for C. gariepinus and 0. mossambicus combined. Data was collected during 
flood conditions at Mamba and Balule respectively. 
Chi t Original HAI 
All Parasites Fins Liver Skin I 	
- W BC % 0.000 
I 	 I 
- 
Chi2 Endo/Ecto Present Index 
Ecto-P Fins I I 	 Liver I 	 Skin 
WBC% - - 
Chi2 Refined Index 
Ecto-R Fins Liver Skin I 	
- WBC% 
I I 	
- 
Table 5.16. Logistic Regression Model developed during drought conditions applied to flood data collected 
for C'. gariepinus. Data was collected during the flood (1996/7) at Mamba and Balule respectively. 
Original HAI Endo/Ecto Present Index Refined Index 
Variables 
used 
Correct Class 
% 
Variables 
used 
Correct Class 
% 
Variables 
used 
Correct Class 
% 
WBC% 
All parasites 
Fins 
72.97% 
81.08% 
82.43% 
WBC% 
Fins 
72.97% 
74.32% 
WBC% 
Fins 
72.97% 
74.32% 
Original HAI Endo/Ecto Present Index Refined Index 
% Correct Classification % Correct Classification % Correct Classification 
Mamba I 	 Balule Mamba Balule Mamba I 	 Balule 
91.67% 73.68% 94.44% 55.26% 94.44% 55.26% 
Table 5.17. Logistic Regression Model developed during drought conditions applied to flood data collected 
for 0. mossambicus. Data was collected during the flood (1996/7) at Mamba and Balule respectively 
Original HAI 
Variables Correct Class 
used % 
WBC% 65.00% 
All- parasites 72.50% 
Original HAI 
% Correct Classification 
Mamba Balule 
50.00% 
I 	
95.00% 
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Values for skin, liver, WBC % endoparasites refined and ectoparasites refined were 
used during logistic regression analysis (these variables were selected for during 
drought condition), whereby logistic regression analysis was applied to the HAI with 
a refined parasite index component. None of the variables were selected for thus the 
model failed. 
5.3.23. Cross tabulation and Chi 2 analysis of variables eliminated from the model 
developed during drought conditions, these variables were tabulated 
against included variables  
During logistic regression analysis of the original HAI, whereby all parasites, WBC 
%, skin, liver and fins were inputted into the model, liver, fins and skin were 
eliminated. After cross tabulation of variables eliminated from the model no 
significant differences were recorded between any of the compared variables. As the 
model employed for the Endo/Ecto Present Index and the Refined Index failed no 
cross tabulations were necessary for these two groups. 
5.3.24. Cross tabulation and Chi2 analysis of data collected during the floods in 
1996/1997  
Of the eighteen variables used in the HAI during flood conditions namely, eyes, skin, 
fins, gills, opercules, pseudobranchs, liver, spleen, hindgut, kidney, plasma, Hct %, 
WBC %, all parasites, endoparasites present, ectoparasites present, endoparasites 
refined, ectoparasites refined, only four variables were seen as being highly 
significant when Chi 2 analysis was employed. These variables enabled comparison of 
data collected at Mamba and Balule when logistic regression analysis was employed. 
These variables include Hct % with a P-value of 0.027, WBC % with a P-value of 
0.000, all parasites with a P-value of 0.002 and endoparasites present with a P-value 
of 0.002 respectively (See Table 5.18.). 
5.3.25. Logistic regression analysis 
Logistic regression analysis for C. gariepinus and 0. inossambicus data 
combined, collected from Mamba and Balule during flood conditions 
Values for Hct %, WBC % and all parasites were used during logistic regression 
analysis, whereby a model was developed for the original HAI. A total of 67.54 % of 
the fish were correctly classified when data collected from WBC % was used. Of 
these fish 64.30 % were correctly classified as fish from Mamba, and 70.70 % as fish 
from Balule (See Table 5.19.). 
Values for Hct %, WBC % and endoparasites present were used during logistic 
regression analysis, whereby a model was developed for the HAI where endoparasites 
and ectoparasites are separated into two groups. None of the variables were selected 
for thus the model failed. 
The model could not be employed for the refined parasite index. 
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5.3.26. Cross tabulation and Chi 2 analysis of variables eliminated from the model 
develo s ed durin • flood conditions these variables were tabulated a • ainst 
included variables  
During logistic regression analysis of the original HAI, whereby all parasites, Hct % 
and WBC % were inputted into the model, Hct % and all parasites were eliminated. 
After cross tabulation of variables eliminated from the model a significant difference 
was recorded between Hct % and WBC % with a P-value of 0.000 and between all 
parasites and WBC % with a P- value of 0.000 respectively (See Table 5.20.). The 
model employed for the Endo/Ecto Present Index failed thus no cross tabulations were 
necessary for this group. 
5.3.27. Logistic regression analysis 
Logistic regression analysis for C. gariepinus data, collected from Mamba and 
Balule during flood conditions 
Values for Hct %, WBC % and all parasites were used during logistic regression 
analysis, whereby a model was developed for the original HAI. A total of 72.97 % of 
the fish were correctly classified when data collected for WBC % was used. Using 
WBC % and all parasites together, 81.08 % of the fish were correctly classified. 
Using WBC %, all parasites and Hct %, 81.08 % of the fish were correctly classified, 
(working to the eighth decimal place shows a slight improvement in the 
classification). Of these fish 88.89 % were correctly classified as fish from Mamba, 
and 73.68 % as fish from Balule (See Table 5.21.). 
Values for Hct %, WBC % and endoparasites present were used during logistic 
regression analysis, whereby a model was developed for the HAI where endoparasites 
and ectoparasites are separated into two groups. A total of 72.97 % of the fish were 
correctly classified when data collected for WBC % was used. Using WBC % and 
endoparasites present, 81.08 % of the fish were correctly classified. Using WBC %, 
endoparasites present and Hct %, 81.08 % of the fish were correctly classified 
(working to the eighth decimal place shows a slight improvement in the 
classification). Of these fish 88.89 % were correctly classified as fish from Mamba, 
and 73.68 % as fish from Balule (See Table 5.21.). 
The model could not be employed for the refined parasite index. 
5.3.28. Cross tabulation and Chi 2 analysis of variables eliminated from the model 
developed during flood conditions, these variables were tabulated against 
included variables  
Using the original HAI and Endo/Ecto Present Index no variables were eliminated by 
the model therefore no cross tabulations were carried out for these two groups. 
5.3.29. Logistic regression analysis 
Logistic regression analysis for 0. mossambicus data, collected from Mamba and 
Balule during flood conditions 
Values for Hct %, WBC % and all parasites were used during logistic regression 
analysis, whereby a model was developed for the original HAI. A total of 65.00 % of 
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the fish were correctly classified when data collected for WBC % was used. Using 
WBC % and all parasites together, 72.50 % of the fish were correctly classified. Of 
these fish 50.00 % were correctly classified as fish from Mamba, and 95.00 % as fish 
from Balule (See Table 5.22.). 
Values for Hct %, WBC % and endoparasites present were used during logistic 
regression analysis, whereby a model was developed for the HAI where endoparasites 
and ectoparasites are separated into two groups. None of the variables were selected 
for thus the model failed. 
The model could not be employed for the refined parasite index. 
5.3.30. Cross tabulation and Chi t analysis of variables eliminated from the model 
developed during flood conditions, these variables were tabulated against 
included variables  
During logistic regression analysis of the original HAI, whereby all parasites, Hct % 
and WBC % were inputted into the model, Hct % was eliminated. After cross 
tabulation of the variables eliminated from the model, no significant differences were 
recorded between any of the variables being compared. The model employed for the 
Endo/Ecto Present Index failed thus no cross tabulations were necessary for this 
group. 
5.3.31. Correspondence analysis 
Using correspondence analysis variables were inputted for WBC %, blood plasma 
protein and endoparasites present, as these variables were identified by logistic 
regression analysis to be most indicative of differences between sample sites. The two 
control sites namely, Bronkhorstspruit Dam and Balule were distributed to the right 
with no overlap observed between each other or either of the two more polluted sites. 
The data collected at the two more polluted sites overlapped, with data from Loskop 
Darn occupying a wider distribution as compared to Mamba (See Figure 5.10). 
At Bronkhorstspruit Dam a strong positive relationship exists between abnormal 
WBC %, normal plasma protein levels and normal endoparasite numbers, as well as, 
abnormal WBC %, normal plasma protein levels and abnormal endoparasite numbers. 
At Balule a strong positive relationship exists between normal WBC %, normal 
plasma protein levels and normal endoparasite numbers, as well as, normal WBC %, 
normal plasma protein levels and abnormal endoparasite numbers. At Loskop Dam a 
strong positive relationship exists between normal WBC %, normal plasma protein 
levels and normal endoparasite numbers, as well as, abnormal WBC %, abnormal 
plasma protein levels and normal endoparasite numbers and finally, between 
abnormal WBC %, abnormal plasma protein levels and abnormal endoparasite 
numbers. At Mamba a strong positive relationship only exists between normal WBC 
%, abnormal plasma protein levels and abnormal endoparasite numbers (See Figure 
5.10). 
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Table 5.19. Logistic Regression Model developed for flood data collected from C. gariepinus and 0. 
mossambicus combined. Data was collected during the flood (1996/7) at Mamba and Balule respectively. 
Original HAI 
Variables Correct Class 
used 0/0 
WBC% _ 	 67.54% 
Original HAI 
% Correct Classification 
Mamba  Balule 
64.30% 70.70% 
Table 5.20. Cross tabulation of variables excluded from the model developed during flood conditions using 
C. gariepinus and 0. mossambicus data combined. Data was collected during flood conditions at Mamba 
and Balule respectively. 
Chit 
 Original HAI 
WBC % 
Hct % 0.000 
All parasites 0.000 
Table 5.21. Logistic Regression Model developed for flood data collected from C. gariepinus. Data was 
collected during the flood (1996/7) at Mamba and Balule respectively. 
Original HAI Endo/Ecto Present Index 
Variables 
used 
Correct Class 
% 
Variables 
used 
Correct Class 
% 
WBC% 
All Parasites 
Hct% 
72.97% 
81.08% 
_ 	 81.08% 
WBC% 
En do-P 
Hct% 
72.97% 
81.08% 
81.08% 
Original HAI Endo/Ecto Present Index 
% Correct Classification % Correct Classification 
Mamba Balule Mamba Balule  
88.89% 73.68% 88.89% 73.68% 
Table 5.22. Logistic Regression Model developed for flood data collected from 0. mossambicus. Data was 
collected during the flood (1996/7) at Mamba and Balule respectively. 
Original HAI _ 
Variables Correct Class 
used % 
WBC% 65.00% 
All Parasites 	 _ 72.50% 
Original HAI 
% Correct Classification 
Mamba Balule 
50.00% 
I 	
95.00% 
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*BRONKHORST 
*w-p+e+ 
LEGEND 
Balule 
Mamba 
Loskop Dam 
Bronkhorstspruit Dam 
+ = Normal 
_ = Abnormal 
w = White blood Cell % 
P = Blood Plasma 
e = Endoparasites 
Figure 5.10. Correspondence analysis employed using data collected for white blood cell counts (WBC %), plasma protein 
concentrations, and endoparasites present at Loskop Dam, Bronkhorstspruit Dam, Mamba and Balule respectively. 
135 
5.3.32. Condition factor 
C. gariepinus 
The condition factor calculated for C. gariepinus, in the Olifants River, remained 
relatively constant, showing no seasonal variation. Values recorded in the lower 
catchment however, were lower than those observed at the two dam sites with mean 
values of 0.63 (winter) and 0.66 (summer) recorded at Mamba and 0.67 (winter) and 
0.70 (summer) at Balule respectively. Mean values of 0.88, 0.85, 0.84 and 0.82 were 
recorded at Loskop Dam during autumn, winter, spring and summer respectively. 
Mean values recorded at Bronkhorstspruit Dam were 0.85 (autumn), 0.73 (winter), 
0.89 (spring) and 0.85 (summer) respectively. Minimum and maximum values ranged 
from 0.73 (autumn) to 1.37 (winter) at Loskop Dam, from 0.38 (autumn) to 1.14 
(autumn) at Bronkhorstspruit Dam and from 0.37 (summer) to 1.27 (summer) at 
Mamba and 0.48 (summer) to 0.82 (summer) at Balule respectively. Standard 
deviation and standard error values remained below one throughout the study (See 
Table 5.23.). 
B. marequensis 
The condition factor calculated for B. marequensis at Bronkhorstspruit Dam remained 
relatively constant, showing no seasonal variation. Mean values of 1.29, 1.32, 1.46 
and 1.50 were recorded at Bronkhorstspruit Dam during autumn, winter, spring and 
summer surveys respectively. Minimum and maximum values ranged from 0.96 
(winter) to 2.34 (summer) respectively. Standard deviation and standard error values 
remained below one throughout the study (See Table 5.24.). 
0. mossambicus 
The condition factor calculated for 0. mossambicus, in the Olifants River, remained 
relatively constant, showing no seasonal variation. Values recorded at Loskop Dam 
however, were higher than those observed at the two river points with mean values of 
2.37 (autumn), 2.25 (winter), 2.37 (spring) and 2.13 (summer) respectively. Mean 
values of 1.34 and 1.74 were recorded at Mamba and Balule during a single winter 
survey respectively. Minimum and maximum values ranged from 1.56 (winter) to 
4.48 (winter) at Loskop Dam, from 0.34 (winter) to 2.05 (winter) at Mamba and 1.38 
(winter) to 2.18 (winter) at Balule respectively. Standard deviation and standard error 
values remained below one throughout the study (See Table 5.24.). 
5.4. Discussion  
5.4.1. Parasites 
Parasites are a natural part of the aquatic community and their distribution and 
abundance are potentially affected directly or indirectly by numerous biotic and 
abiotic environmental factors (Khan and Thulin, 1991). Parasitism can be defined as 
an ecological association between species of which one, the parasite, lives on the 
body of the other, the host (Andersen and May, 1978). According to Andersen and 
May (1978), parasites may either spend the majority of their lives in association with 
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Table 5.23. Table showing condition factor (CF) calculated for C. gariepinus at Loskop Dam, 
Bronkhorstspruit Dam, Mamba and Balule during flood conditions, in autumn (April 1996), winter (July 
1996), spring (October 1996) and summer (January 1997) respectively. 
Loskop Dam 
C. gariepinus Apr-96 Jul-96 Oct-96 Jan-97 
Min 0.73 0.80 0.74 0.79 
Max 1.02 1.37 0.96 0.88 
Mean CF 0.88 0.95 0.84 0.82 
Stdev 0.08 0.13 0.06 0.04 
Stderr 0.02 0.03 0.02 0.02 
Mean Length (cm) 59.44 54.20 54.44 56.50 
Mean Weight (Kg) 1.91 1.60 _ 	 • 	 1.41 1.58 
Bronkhorstspruit Dam 
C. gariepinus Apr-96 Jul-96 Oct-96 Jan-97 
Min 0.38 0.66 0.72 0.72 
Max 1.14 0.78 1.11 1.07 
Mean CF 0.85 0.73 0.89 0.85 
Stdev 0.15 0.07 0.10 0.08 
Stderr 0.03 0.04 0.02 0.02 
Mean Length (cm) 64.06 45.83 64.55 50.16 
Mean Weight (Kg) 2.24 0.73 2.52 1.18 
Mamba 
C. gariepinus Jul-96 Jan-97 
Min 0.50 0.37 
Max 0.79 1.27 
Mean CF 0.63 0.66 
Stdev 0.10 0.20 
Stderr 0.02 0.05 
Mean Length (cm) 46.11 51.52 
Mean Weight (Kg) 	 _ 0.77 1.13 
Balule 
C. gariepinus Jul-96 Jan-97 
Min 0.54 0.48 
Max 0.79 0.82 
Mean CF 0.67 0.70 
Stdev 0.08 0.08 
Stderr 0.02 0.02 
Mean Length (an) 45.61 52.43 
Mean Weight (Kg) 0.71 1.11 
Min = minimum 
Max = maximum 
CF = condition factor 
Stdev = standard deviation 
Stderr = standard error 
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Table 5.24. Table showing condition factor (CF) calculated for 0. mossambicus and B. marequensis at 
Loskop Dam, Bronkhorstspruit Dam, Mamba and Balule during flood conditions, in autumn (April 1996), 
winter (July 1996), spring (October 1996) and summer (January 1997) respectively. 
Loskop Dam 
0. mossambicus Apr-96 Jul-96 Oct-96 Jan-97 
Min 2.04 1.56 2.00 1.93 
Max 2.66 4.48 2.79 2.31 
Mean CF 2.37 2.25 2.37 2.13 
Stdev 0.17 0.64 0.19 0.12 
Stderr 0.04 0.15 0.04 0.03 
Mean Length (cm) 37.30 40.27 37.57 35.25 
Mean Weight (Kg) _ 	 1.26 1.44 1.26 . 0.96 
Bronkhorstspruit Dam ' 
B. marequensis Apr-96 Jul-96 Oct-96 Jan-97 
Min 1.11 0.96 1.10 1.26 
Max 1.73 1.69 1.67 2.34 
Mean CF 1.29 1.32 1.46 1.50 
Stdev 0.14 0.22 0.12 0.24 
Stderr 0.03 0.05 0.03 0.05 
Mean Length (cm) 40.64 39.18 42.82 41.28 
Mean Weight (Kg) 0.91 0.81 1.15 1.08 
Mamba 
0. mossambicus 
• 
3 	 Jul-96 
, 
Min 0.34 
Max 2.05 
Mean CF 1.34 
Stdev 0.53 
Stderr 0.12 
Mean Length (cm) 19.84 
Mean Weight (Kg) 0.12 
Balule 
0. mossambicus Jul-96 
Min 1.38 
Max 2.18 
Mean CF 1.74 
Stdev 0.20 
Stderr 0.04  
Mean Length (cm) 25.68 
Mean Weight (Kg) _ 0.33 
MM = minimum 
Max = maximum 
CF = condition factor 
Stdev = standard deviation 
Stderr = standard error 
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a single or more than one host species, or alternatively live freely for a major part of 
their developmental cycle. During the parasitic phase, the life cycle of the parasite is 
characterised by the extraction of essential nutrients from the host, for the metabolism 
of the parasite. At the very least, this relationship is detrimental to the host by 
reducing the amount of energy available for reproduction, growth, and maintenance 
functions (Lanciani, 1975). To ensure their own survival however, parasites need their 
host to survive (Andersen and May, 1978). 
A general discussion of each parasite found during testing of the HAI in the Olifants 
River system will be included here, with an indication of the general pathology which 
may results from infestation. This was deamed necessary due a change in the 
approach to viewing parasites as not only indicators of poor fish condition (Adams et 
al. 1993) i.e. disease agents, but also as indicators of fluctuations in pollution levels 
i.e. bio-indicators. This idea is tested during the discussion of the suggested 
hypothesis. 
5.4.2. List of Parasites found 
Endoparasites 
Nematodes:- Most notorious larval nematodes are representatives of the Anisakidae 
(Heterocheilidae); genera Amplicaecum, Contracaecum and Porrocaecum, 
Dioctophymidae; the genus Eustrongylides and Rhabdochonidae; the genera 
Rhabdochona and Spinitectus, the latter two genera also infect fish at an adult stage 
(Paperna, 1996). Larval nematodes occur encysted in tissues or free in body cavities, 
most often in the abdominal or pericardial cavity. During flood conditions specimens 
were only collected from the abdominal cavity with larval nematodes also found 
encysted in the muscle tissue during drought conditions. No positive identification 
was made of the specimens collected, however in South Africa, encysted 
Contracaecum sp. are common in a wide variety of fish of diverse families (Boomker, 
1982; Mashego and Saayman, 1980; Van As and Basson, 1984). Neither encysted nor 
free Contracaecum larvae will severely affect fish. Localised tissue reaction includes 
inflammation, epitheloid formation and fibrous encapsulation around the encysted 
larvae. Multiple infection of the mesenteries results in extensive inflammation, 
fibrosis and even some visceral adhesion, this is seen only in large fish, with no 
apparent impact on their body cavity (Mbahinzireki, 1980). No observed 
inflammatory response was .noted during the pilot study or during flood conditions 
suggesting that the observed larval nematode infections did not severely affect the fish 
examined. 
Predator fish have potentially heavier infestations of nematodes (Paperna, 1979). This 
is substantiated by comparisons made between C. gariepinus, 0. mossambicus and B. 
marequensis during drought and flood conditions. According to Van As and Basson 
(1988), nematode infections are the most common parasitic infection found in catfish, 
a fact substantiated during the present study. Localised pathology and haemorrhaging 
occur, but fish can survive heavy infections, although growth is impaired (Van As and 
Basson, 1988). This parasite was seen as a possible indicator species for heavy metal 
pollution during the present study, with higher numbers recorded at the more polluted 
sample site, throughout drought conditions. During flood conditions values recorded 
at the two river points were inverted when compared to the pilot studies results, 
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namely higher parasite numbers were recorded at the control point. The two dam sites 
recorded the expected trends indicated by the hypothesis during flood conditions, with 
higher parasite loads at Loskop Dam (polluted) when compared to Bronkhorstspruit 
Dam (control) respectively. This indicates the possible impact floods have on 
different water systems, with pollutants trapped in the dams, with further resuspension 
of sediments at both sites still impacting fish at Loskop Dam to a greater extent. 
Water quality deteriorated at Balule when compared to Mamba during flood 
conditions, due to the removal of purifying reed beds upstream. The situation rectified 
itself by the spring survey, with parasite loads observed at Mamba and Balule during 
the summer survey reflecting similar values for each point respectively. These 
observed trends, further indicated that combined endoparasite numbers may well 
increase in more heavily impacted areas, substantiating the suggested parasite 
hypothesis (See Figure 5.11.i). 
Cestodes:- Cestodes were collected from all four-sample sites, only from C. 
gariepinus. After Alum Carmine staining of these specimens, a preliminary 
identification was made, indicating that specimens collected in the lower catchment at 
Mamba and Balule belong to the genus Marsypocephalus (See Figure 5.11.h(i)). This 
will be the first record of this genus in South Africa. Five species have been described 
from Africa, with M aegyptiacus from Egypt in C. lazera, M daveyi from Sierra 
Leone and M heterobranchus from Sudan in Heterobranchus bidorsalis. M 
rectangulus was described from Sudan in C. anguillaris and from Egypt in C. lazera 
with the last species M tanganyikae reported from Lake Tanganyika (Tanzania) in C. 
lazera (Khalil and Polling, 1997). Specimens collected in the upper catchment at 
Loskop Dam and Bronkhorstspruit Dam respectively are also considered 
Proteocephalids, however positive identification to the genus level was not possible 
(See Figure 5.11.h(ii)). All hosts described above, as well as during the present study, 
are catfish, indicating host specificity, with each parasite species limited to a specific 
fish species at each locality. Adult cestodes living in the intestinal tract, apart from 
occasional ulceration, inflammation and scar formation due to attachment, are 
believed to cause little damage in fish (Klesius and Rogers, 1995). The large size of 
the cestodes collected in the upper catchment however, may suggest more severe 
pathological changes in infected fish, these may include inflammation of the intestine 
and severe "catarrhal-haemorrhagic enteritis" at the parasite attachment point, with 
proliferation of the peripheral connective tissue (Paperna, 1996). No severe pathology 
was observed during the present study. 
Trematode cysts:- A pronounced inflammatory response and focal haemorrhages 
accompanies penetration and early migration (Sommerville, 1982) of cercariae. The 
inflammatory reaction, predominated by infiltrating macrophages, is particularly 
intense around unencysted migrating metacercariae and precedes the eventual 
enclosure in a fibrous capsule of the encapsulating matacercaria (Yekutiel, 1985). The 
fibrous capsules produced by the host are superimposed on the acellular wall secreted 
by the encysting cercaria. Cysts may form throughout the body as observed during the 
present study, those consolidating around certain skin metacercariae may incorporate 
dermal melanophores and exceptionally, other chromophores. Such metacercariae, 
termed "black spot", are formed in infections by the strigeoid larval genus Neascus 
(Hoffman, 1960). This condition was reported in all three fish species investigated 
during the present study, affecting the skin as well as the fins in C. gariepinus and 0. 
mossambicus respectively (See Figure 5.11.j(iv)). No incidences were however, 
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reported in fish collected from Balule, and in C. gariepinus at Loskop Dam. The 
exclusion of Balule may indicate the absence of the required intermediate hosts (snail) 
at this sample site, limiting exposure of these fish to metacercarial infections. 
In research done on clinostomid trematodes in Southern Africa, it was found that 0. 
mossambicus was infected by Clinostomum tilapiae, which is prevalent in the gills, 
and Euclinostomum heterostomum, which is prevalent in the muscle (Britz, Van As 
and Saayman, 1985). Likewise in his thesis, Van Senus (1989) describes how 
Professor J.E. Saayman collected Clinostomatid trematodes C. tilapia, C. van der 
horsti and E. heterostomum metacercariae from C. gariepinus, where it infected the 
gills (C. tilapiae and C. van der horsti) and the muscle (E. heterostomum). Both gill 
and muscle infections were reported in 0. mossambicus at Mamba and in C. 
gariepinus at all four-sample sites. No obvious effect was observed in fish examined, 
however, the muscle encysted parasites are likely to render fish unattractive and 
unacceptable for human consumption (Mashego and Saayman, 1989) (See Figure 
5.11.j (i), (ii)). 
Metacercariae of the yellow grub (C. marginatum), cause yellow cysts in the muscle, 
connective tissue and gills of catfish (Hoffman, 1979). Yellow cysts were observed in 
the muscle and on the pseudobranchs of catfish at Balule, possibly indicating a 
Clinostomum infection. However, no positive identification was made of the observed 
cysts during the present study at either of the four-sample sites, thus no definite 
conclusions can be made. Van Der Waal (1972) also found Clinostomum in the 
viscera mesentery of C. gariepinus from the Olifants River. This was a problem 
throughout the catchment, with cysts in the viscera mesentery reported from fish at all 
four-sample sites, these cysts could possibly be considered the most dominant 
metacercarial infestations observed (See Figure 5.11. j (ii)). In spite of the large size 
(3-7 mm) of the clinostomatid cysts, neither skin infection, nor muscle and visceral 
infection induces severe histopathology or gross pathological effects in fully grown or 
even juvenile fish (Paperna, 1996). 
Strigeoid metacercariae (Strigeidae, Diplostomatidae and Cyathocotylidae) encyst in a 
variety of organs, including the inside of the eye. Clinical effects of infection are not 
always obvious (Paperna, 1996). Damage to the eye may however be due to a non-
specific side effect, for example, corneal infection by integument-encysting 
metacercariae, which impairs eye vision. This condition is aggravated when 
metacercariae are accompanied by melanophores (black spot). Mashego (1982) 
reports cysts containing both juvenile metacercariae as well as some enveloped, more 
advanced metacercariae of the same or different species. Cysts on the eye were only 
observed in C. gariepinus collected at Mamba and only during a single survey. This 
may suggest, that this is not at present a problem in the Olifants River system, but 
should be monitored for future developments as, pathologically severe infection leads 
to exophthalmos, cataracts, and even complete collapse of the eye. Blindness can be 
uni- or bilateral (Thurston, 1965; Lombard, 1968; Douellou, 1992). Blindness was 
reported in 0. mossambicus at Loskop Dam during flood conditions however, there 
appears to be no link between metacercarial infection and the observed blindness in 
these fish. 
Epitheliocystis:- According to Paperna and Sabnai (1980), epitheliocystis infestation 
is widespread among African cichlid fish. During the current study however, a 
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suspected epitheliocystis infestation was recorded in all three fish species. 
Epitheliocystis is caused by organisms that are intracellular prokaryotes which, is 
apparently transmitted from fish to fish. The infection develops in the epithelial cells 
of the host's skin and the epithelial and chloride cells of the gills (Paperna, 1979; Van 
As and Paperna, 1990). Only gill infections were observed during the present study, 
during drought and flood conditions respectively. As the infection progresses, the host 
cell becomes hypertrophic, 5-8 times its normal size, while the inclusion containing 
the organism expands to fill its entire volume, reducing the host's cytoplasm into a 
narrow envelope of degraded cytoplasmic substance. No histological examinations 
were undertaken during the present study to determine an accurate diagnosis of the 
observed condition, thus only a tentative diagnosis was made in the field. 
Epitheliocystis infection can be either 'benign', when infection in the gills induces 
only a limited tissue response, or a 'proliferative' accompanied by extreme epithelial 
hyperplasia. Limited tissue changes occurs in the benign condition resulting in a thin 
epithelial enveloping layer forming around the infected hypertrophic cell (Van As and 
Paperna, 1990). Results obtained during the present study indicate that this may rather 
be a stress-related response and may not necessarily be due to a prokaryotic infection. 
Observations were only made during lowered water levels (drought) at Mamba and 
Balule, suggesting lack of oxygen may have stressed respiratory function, which was 
in turn observed on the gills. This is further substantiated as this condition was only 
observed during winter at both sample sites were water levels were at there lowest. 
The same can be said for the dam sites during flood conditions, more particularly at 
Bronkhorstspruit Dam whereby both C. gariepinus and B. marequensis were affected. 
High sediment loads were washed in from upstream during the flood, sediments 
became trapped in the dams, lowering oxygen levels. Substantially lowered oxygen 
levels suggests stress was exerted on the respiratory functional sites such as the gills, 
which may have resulted in the epitheliocystis-like responses observed (See Figure 
5.11.k). 
Trypanosoma sp.:- Trypanosomes are endoparasitic haemoflagellates and are often 
found in low numbers in the blood of both marine and freshwater fish (Woo, 1992). 
These parasites have a free flagellum and are normally transmitted by ectoparasitic 
blood sucking leeches (Woo, 1992). Trypanosomes are reported in all major water 
systems of Africa (Wenyon, 1908; Hoare, 1932; Dias, 1952; Baker, 1960, 1961), with 
some species apparently distributed as widely as their hosts (cf. C. gariepinus) 
(Paperna, 1996). A Trypanosoma sp. was observed in the blood smears of C. 
gariepinus at all four-sample sites indicating host specificity at the four-sample sites 
studied (See Figure 5.11.c). Van As and Paperna (1990) found trypanosomes in the 
blood samples of C. gariepinus from the Northern Province and after further 
examination found them to be the species Trypanosoma clariense. These authors 
found leeches belonging to the genus Batrachobdella associated with C. gariepinus 
and suggest that in all likelihood that it is the intermediate host for transmitting these 
trypanosomes. In none of the instances of natural infection was there any evidence of 
adverse effects on the host. Decrease in haematocrit and haemoglobin levels and 
evidence of accelerated haemopoiesis have however, been reported in some infections 
(Khan, 1977). Natural infection with trypanosomes may be very common, particularly 
where the leech vector is also common (Paperna, 1996). There were higher parasite 
numbers recorded at the control sites when compared to the polluted point during 
drought conditions. This is contrary to the expected trend stated by the hypothesis, as 
Trypanosomes are endoparasites. It was expected that Trypanosome numbers would 
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be higher at the more polluted sites. Fish become infected after a leech has had a 
blood meal, it can thus be assumed that lower numbers of the ectoparasitic vector 
would result in lowered Trypanosome transmission to the host. Assuming that higher 
levels of pollution negatively affect the leeches, this would explain the contradictory 
results observed for these endoparasitic Trypanosomes, with results rather following 
the trends observed for the ectoparasitic vector. During further analysis, this same 
opposite trend was observed at the two dam sites during flood conditions. This trend 
was however not observed at the two river points during flood conditions. 
Substantially lowered water quality observed at Balule during the flood due to the 
removal of the purifying reed beds upstream may have negatively affected leeches at 
this site. This may explain the higher Trypanosome numbers recorded in the blood 
smears from fish at Mamba with water quality improving slightly at this point. 
As indicated by the discussion, Trypanosome infections are indeed limited by the 
availability of its ectoparasitic vector, thus, during pooling of the data for ecto- and 
endoparasites, in order to substantiate the hypothesis suggested in the methods, 
namely that higher endoparasite numbers should be found in fish at the more polluted 
sample sites, Trypanosome infections were considered ectoparasitic. 
Ectoparasites 
Lernaea cyprinacea:- L. cypinacea has been reported in Southern Africa in the 
Orange and Limpopo River systems. The two locations in the Limpopo River system 
are situated in the Kruger National Park. The parasites were found on fish hosts 
belonging to the families Cyprinidae (B. marequensis) and Cichlidae (0. 
mossambicus). The attachment site of the parasites on the hosts varied from the 
exposed body surfaces to the bases of the fins. Adult females attach to the exposed 
body surfaces of host fish, causing acute haemorrhaging and ulcers at the area of 
penetration. Fatality occurs as a result of blood loss and secondary infections (Putz 
and Brown, 1964). L. cyprinacea was only observed during the drought at Mamba and 
Balule on 0. mossambicus. The follow up study conducted during flood conditions at 
the two river points indicated no L. cyprinacea infestations. Likewise in the upper 
catchment no parasites were observed at the two dam sites. Routine monitoring of 
Loskop Dam in 1998 (two years after the flood) however, revealed L. cyprinacea 
infestations on 0. mossambicus and B. marequensis. This suggests that the flood had 
a negative effect on the lifecycle of L. cyprinacea in the upper and lower catchment 
areas. These flood conditions may have limited proliferation, possibly due to a 
decrease in overall water quality observed during the flood. 
L. clariae:- The ectoparasite found on C. gariepinus in the greatest numbers was the 
parasite L. clariae, which is known to be host specific (See Figure 5.11.a). The 
African ectoparasitic copepod L. clariae attaches itself to the gill filaments of 
freshwater fish of the family Clariidae. The adult female grips the gill filament with 
the strong maxillae using the maxillipeds as attachment and feeding appendages, it 
penetrates the gill tissue with these appendages and consumes blood. This induces 
hypertrophy of the connective tissue with degradation of the blood capillaries in the 
filaments (Sproston, Yin and Hu, 1950). The head then becomes embedded, possibly 
as a result of stimulation of tissue growth around it. In the event of many L. clariae 
attaching to the gill filaments, respiratory problems could arise denying the host of 
oxygen, ultimately leading to anaemia. As noted by Paperna and Sabnai (1980) 
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extreme infestations of ergasilids, a copepod parasitic on the gills of C. lazera, occurs 
without death of the host, thereby substantiating the fact that accessory pseudobranchs 
in Clariid fish could counteract these types and Lamproglena infestations. During the 
study conducted by Marx and Avenant-Oldewage (1996) at Mamba and Balule, the 
prevalence and intensity of L. clariae differs significantly between locations, the 
reason was stated as being twofold. Firstly the higher metal pollution levels in the 
water at Mamba could have an effect on the survival of L. clariae, as its life cycle and 
health could be negatively influenced. Secondly, the less polluted water at Balule 
could have allowed for parasite proliferation, with water concentrated in small pools, 
the chance of finding a host is far higher. During the 1996/1997 flood at these two 
points, water quality deteriorated at Balule due to the removal of the purifying reed 
beds upstream, this was accompanied by fewer L. clariae recorded from fish sampled 
at this point when compared to fish collected at Mamba. This may well be as stated by 
Marx and Avenant-Oldewage (1996) due to deterioration in water quality but also due 
to the change in habitat structure brought about by the flood, with the elimination of 
small pools from the area due to increased water flow. The fact that parasite 
prevalence, intensity and relative parasite density increased during winter in drought 
conditions, may imply that fluctuating water levels concentrate parasites and hence 
the probability of infestation increases (Marx and Avenant-Oldewage 1996). This 
trend was not observed during flood conditions, with no L. clariae observed in fish 
sampled during winter. This is probably a product of the increased volume of water 
during the initial stages of the flood, with deterioration in water quality to such an 
extent that no ectoparasites were observed on C. gariepinus during winter at Mamba 
or Balule. This is however not an indication of the absence of this parasite during 
flood conditions but rather a decrease in numbers, to such an extent that none of the 
twenty fish sampled were infected. 
A. japonicus and D. ranarum:- In South African fish, in addition to a few locally 
endemic species, D. ranarum is widespread as is the ubiquitous Eurasian species A. 
japonicus introduced apparently with carp (Kruger, Van As and Saayman, 1983; Van 
As and Basson, 1984; Avenant and Van As, 1985; Van As, 1986; Avenant-Oldewage, 
1991). Only one species of Dolops is present in Africa, it differs from Argulus in 
having the second maxilla armed with a hook rather than a sucker characteristic of the 
latter. Species of Argulus and D. ranarum are parasitic throughout life, but leave the 
host to moult or to lay eggs, during this process a change of host occurs (Hoffman, 
1977). D. ranarum has a preference for smooth-skinned fish, the species may 
however, infect buccal and opercular mucosal integuments of scaly fish, notably 
cichlids (Fryer, 1968; Avenant and Van As, 1985; Paperna, 1991). D. ranarum was 
only observed in the mouth and opercular openings of 0. mossambicus at Loskop 
Dam and only during autumn (See Figure 5.11.g). Observations of seasonal 
occurrence in an impoundment near Pretoria in the Transvaal (Avenant and Van As, 
1986) showed that the highest infections occurred in its main hosts, 0. mossambicus 
and C. gariepinus, by late summer and autumn (March to May) and the lowest by 
spring (October). The fact that D. ranarum was only collected during a single survey 
and only at one sample site indicated that, limited infestation by this parasite occurs in 
the Olifants River system. 
A. japonicus is an omnipresent parasite of both carp and native fish species namely, 
B., Labeo, C. gariepinus and occasionally also cichlid fish (Kruger et al., 1983). A. 
japonicus infestations were observed on C. gariepinus and 0. mossambicus at Loskop 
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Dam, and on B. marequensis at Bronkhorstspruit Dam (See Figure 5.11.0. No 
specimens were observed on fish in the lower catchment during drought or flood 
conditions. This indicates infestation is limited to the upper reaches and prevalence 
remains low with the highest value of 55 % recorded at Bronkhorstspruit Dam. In 
some dams and lakes, prevalence of infection in cyprinids (B. marequensis) and in 
catfish (C. gariepinus) can reach 93-100 % and 78 % respectively, with 10 to over 
250 parasites per fish (Kruger et al., 1983). 
Argulids infecting the skin or mouth of fish induce severe local damage to the 
integument. Damage is caused by the piercing proboscis stylet, which enters deep into 
the skin's dermal layer and secretes lytic and toxic substances resulting in acute 
haemorrhagic, inflamed wounds. Attachment to and crawling on the skin also causes 
irritation and abrasions leading first to proliferation and later to desquamation and 
erosion of the epithelium (Paperna, 1996). 
Gyrodactylus sp.:— In gyrodactylidae, species of the same genera occur in 
representatives of diverse fish families, although individual species, if correctly 
determined, seem to be narrowly host specific (Malmberg, 1970); this also applies to 
species infecting African fish (Paperna, 1979). Gyrodactylids, are pathogenic to their 
host fish, usually to younger fish and in intensive culture conditions. Fish heavily 
infected with Gyrodactylus appear pale, due to excessive mucus secretion and 
epithelial proliferation. In the more heavily infected skin zones, there is skin erosion; 
desquamation of the skin epithelium, focal haemorrhagic lesions and loss of scales 
(Tripathi, 1957; Gopalakrishnan, 1963; Kabata, 1985). In most fish species associated 
with monogeneans, intensities of 20-100 or more worms per fish are common 
(Paperna, 1964, 1979; Batra, 1984). A single slime smear per fish was taken during 
the present study indicating a low mean intensity, at each of the two dam sites. 
Gyrodactylus sp. was observed at Loskop Dam on both C. gariepinus and 0. 
mossambicus with B. marequensis infested at Bronkhorstspruit Dam (See Figure 
5.11.d). No Gyrodactylus sp. was observed on C. gariepinus or 0. mossambicus 
during examination of slime smears in the lower catchment during drought or flood 
conditions. This may suggest limited infestation of these fish, which could not be 
indicated using a single slime smear. Sampling techniques used in the Kruger 
National Park, often results in removal of these parasites from the skin due to chafing 
on the river banks during collection. 
Trichodina sp.:- There are' a number of reports on poor condition and mortalities, 
particularly of fry, coinciding with massive infection of trichodinids, Trichodinella 
epizootica in particular (Lom, 1973). In larger water bodies in Africa, infections with 
trichodines in fish other than fry are reported to be common but low (Paperna, 1968; 
Viljoen and Van As, 1985; Kazubski, 1986). Although Trichodinid infection was 
obtained from both 0. and C. species, they were not recorded from these fish species 
during the drought. During the flood episode, mean intensity, prevalence and 
abundance remained low (See Figure 5.11.e). 
Leeches:- Leeches have so far only been reported from a few fish in Africa, however, 
leeches apparently attack a wider range of fish and in a greater number of water 
systems as is evident from the distribution of leech-transmitted trypanosomes in 
African fish (Paperna, 1996). Most records of leeches removed from fish in Africa are 
Batrachobdelloides tricarinata. This leech occurs from the Jordan system in Israel, 
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infecting C. lazera, throughout tropical West and East Africa to Zululand in Southern 
Africa (Oosthuizen, 1989). B. tricarinata has been found feeding naturally and 
induced experimentally to feed on hosts of diverse fish families: C. spp., Bagrus spp., 
0. spp., B. spp., goldfish and Protopterus aethiopicus (Oosthuisen, 1989). However, 
populations of a given geographical region or a water system show preference for, or 
will exclusively occur on, one particular host (Paperna, 1996). This was seen during 
the present study with leeches only collected from C. gariepinus, with this fish 
species being the only fish examined to be infected with blood parasites 
(Trypanosoma sp.) (See Figure 5.11.b) Damage to skin comprises of bite wounds, 
haemorrhages and erosion of the mucous membranes. In heavy infections leeches are 
also attached in the craters of the deeper lesions. In some heavy infections the gular 
membrane also became perforated (Paperna, 1996). No damage of this nature was 
observed at the sites of attachment or elsewhere on the skin during the present study. 
Fungus on the gills:- A fungal infection was observed in the gills of a single fish (0. 
mossambicus) collected from Loskop Dam during the summer survey. Of the 
recorded fungal infections in South Africa this infection on the gills points to a 
possible Branchiomyces infection. Branchiomyces has been reported in farmed 
common carp in the Transvaal, South Africa (Paperna, 1996). Two species were 
recognised, B. sanguinis the causative agent of carp branchiomycosis and B. 
demigrans causing gill infections in trench and pike. Growth of the former species is 
confined to the vascular system while the latter expands to extravascular tissues 
(Neish and Hughes, 1980). Branchiomyces in carp gills is usually localised in the 
blood vessels, the efferent branchial vessels and capillaries, producing branched 
coenocytic hyphae capable of producing aplanospores by endogenous cleavage (Neish 
and Hughes, 1980). Infection is probably by spores liberated from necrotic tissue, but 
the exact route by which fish contract infection is unknown. Infection in the blood 
vessels of the gill causes blockage, haemostasis and thromboses, which consequently 
cause extensive necrosis of the gill filaments. Areas of the gill filaments turn brown, 
due to haemorrhages and thromboses, and grey as a result of ischemia. The process is 
fast and is accompanied by proliferation of the gill epithelium with resulting 
adhesions of the filaments (Richards and Roberts, 1978; Neish and Hughes, 1980). 
Branchiomycosis occurs in eutrophic ponds with high loads of organic matter, ponds 
fertilised by organic manure, and water temperatures above 20 °C (Paperna, 1996). 
This description suggests the possible reason for the infection in fish collected at 
Loskop Dam, with this impoundment classified as an eutrophic system. This fish was 
also collected during summer in January of 1997, with a water temperature recorded 
at 26.8 °C. During the hot season, when ambient water temperatures are above 25 °C, 
infection may spread to most fish in the pond and cause heavy mortalities (Paperna, 
1996). No fungal infections were reported by Robinson (1996) during a single 
summer survey at Loskop Dam, as well as during seasonal observations made at 
Mamba and Balule respectively. This may indicate that no severe threat to aquatic life 
is posed by the presence of this fungal infection. 
5.4.3. Hypothesis 
The relationship among pathogens, their hosts and the occurrence of disease are 
complex (Leighton, 1995). According to Leighton (1995), infection and disease are 
not synonymous. Infection is the entry and growth of a parasitic organism, while 
disease, on the other hand, is any departure from a normal state of health. Whether or 
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Figure 5.11. Photographs of ecto- and endoparasites collected from C. gariepinus, B. marequensis and O. 
mossambicus at Loskop Dam, Bronkhorstspruit Dam, Mamba and Bande respectively. a) Lamproglena 
clariae; b) Leech; c) Trypanosoma sp.; d) Gyrodactylus sp.; e) Trichodina sp.; .1) Argulus japonicus; g) 
Dolops ranarum; h) unidentified cestode (1), Mursypocephalus sp. (ii); i) larval nematode posterior (p) 
and anterior (a) view; j) trematode cysts on/in the (i) gills, (ii) coelom, (iii) liver, (iv) fin and (v) muscle; K) 
epitheliocystis. 
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not infection of a host organism with a pathogen results in disease, is generally 
dependant on interactions among specific aspects of the biology of both the host and 
the pathogen and on environmental factors that interact with both (Leighton, 1995). 
The original HAI as developed by Adams et al., (1993) assessed the simple presence 
of a parasite as a sign of abnormal fish health. During the present study it was seen as 
more beneficial to develop a distinction between what could be termed a normal or an 
abnormal parasite load. Attempting to use parasites as bio-monitoring tools in order to 
further contribute to the reliability of the HAI, we decided to test our hypothesis in the 
field, namely that, at highly impacted areas, endoparasite numbers would be higher 
than observed ectoparasite numbers. 
Ectoparasites 
Various studies have been carried out using ectoparasites as bio-indicators of 
deteriorating water quality. These studies however concentrate on organic pollutant 
sources. Increases in Trichodinid gill ciliates were observed after exposure to kraft 
pulp mill effluent, oil contaminated sediments and water soluble oil fractions 
(Lehtinen, Notini and Landner, 1984; Khan, 1987; Khan and Thulin, 1991; 
Overstreet, 1993; Yeomans, Chubb and Sweeting, 1997; Lafferty, 1997; Lafferty and 
Kuris, 1999). Likewise prevalence and intensity of Gyrodactylus infestations 
increased after exposure to crude oil, water soluble oil fractions and sewage (Khan 
and Kiceniuk, 1988; Khan and Thulin, 1991 and Yeomans et al., 1997). These 
observations however contradict the proposed hypothesis. A similar increase in 
Dactylogyrus infestations were observed when fish were exposed to kraft mill 
effluent, however prevalence and intensity decreased when fish were exposed to kraft 
mill effluent which included chlorine as a product of the bleaching processes (Thulin, 
Hoglund and Lindesjoo, 1988; Khan, Barker, Williams-Ryan and Hooper, 1993; 
Bagge and Valtonen, 1996). The variable response of Dactylogyrus sp. to kraft mill 
effluent with and without chlorine indicates different responses to varying pollution 
types. Consequently heavy metal exposure (chemical) may possibly also have a 
negative effect on ectoparasite numbers when tested, thus substantiating the proposed 
hypothesis. 
During the present study after heavy metal exposure, ectoparasite numbers were lower 
at the more polluted sample sites during drought and flood conditions. The reversed 
trend observed in the lower catchment during the floods provided a clear indication of 
the deterioration in water quality observed at the control point, Balule. These trends 
were however, more clearly observed in ectoparasite numbers recorded from C. 
gariepinus, possibly due to the fact that this fish species has a greater diversity of 
ectoparasites, enabling increases and decreases in overall numbers to be observed 
more easily. Investigations on the population level after heavy metal exposure by 
Zharikova (1993) revealed a decrease in monogenetic flukes of Dactylogyrus and 
Gyrodactylus, larvae of digenetic flukes, leeches, and the copepod Ergasilus sieboldi. 
Infestation of fish with G. elegans declined especially sharply, suggesting that these 
parasites are highly sensitive to this form of pollution. 
Observations made after exposure to organic and chemical toxicants follows distinct 
trends. This suggests that no matter the pollution type, ectoparsites may well act as 
good indictors of pollution. 
148 
Endoparasites 
There are reports of increased parasitic infections in fish from polluted areas 
(Overstreet and Howse, 1977). Riggs and Esch (1987) found that the prevalence and 
abundance of cestodes in fish from a polluted site was greater than in fish from an 
unpolluted site in the same lake, suggesting that pollution (heavy metal) increased 
infection levels. The hypothesis developed during the present study, is build on the 
premise that endoparasites, in our case larval nematodes, trematode cysts and 
cestodes, are not directly exposed to the pollutants and take advantage of the hosts 
weakened immune system to proliferate. This may hold true for most of this group but 
what about the cestodes found in the intestine, directly exposed to ingested water and 
sediments contaminated with pollutants? 
In studies conducted by Sures, Siddall and Taraschewski (1999) the lead level of 
Pomphorhynchus laevis (acanthocephalan) found in the intestine was up to 2700 
times higher and the cadmium concentration approximately 400 times higher than the 
muscle of chub, its host. Concurrent analysis of larval acanthocephalans in the 
crustacean intermediate host indicated that the bio-concentration of heavy metals was 
also recorded although the degree of bio-concentration was somewhat lower (Sures 
and Taraschewski, 1995; Siddall and Sures, 1998). Likewise, Monobothrium 
wageneri (cestode) contained 150 times more lead and 40 times more cadmium than 
the muscle of its host, the tench (Sures, Taraschewski and Rokicki, 1997). 
Comparable results were presented by Riggs, Lemly and Esch (1987), who reported 
elevated selenium concentrations in the cestode Bothriocephalus acheilognathi in 
comparison to the tissues of its fish definitive host. Cestodes therefore show a high 
capacity to bio-concentrate heavy metals when they are located in the intestine of 
their respective final host (Sures et al., 1999). Pascoe and Cram (1977) published 
experiments in which they exposed stickelbacks with and without plerocercoids 
(cestode) of Schistocephalus solidus to different concentrations of dissolved 
cadmium. Following exposure the parasites contained less cadmium than the fish and 
remained alive even when their hosts had died due to cadmium toxicity (Sures et al., 
1999). This comparatively low accumulation of cadmium in the cestodes may be 
related to their location in the body cavity of the host but other factors are probably 
also involved (Sures et al., 1999). Weather these intestinal parasites bio-concentrate 
metals or use other mechanisms to avoid the toxic effects exhibited in their definitive 
hosts, it appears, they possess an adaptive capability enabling their survival under 
these adverse conditions. This phenomenon thus supports the suggested hypothesis 
and observations made during the present study, that endoparasite numbers will not 
decrease when exposed to heavy metal in the aquatic environment. 
Pollutants may affect the immune system of fish either directly or by causing changes 
in water quality, which in turn may reduce fish immunity to parasites (Noga, 1988). 
Woo (1992) found that immune suppression, caused by heavy metals, increases the 
risk of the outbreak of parasitic diseases. The immune response of fish to parasitic 
helminthes is similar to that of higher vertebrates (Evans and Gratzek, 1989) and 
several different steps of this response can be disrupted by the presence of toxic 
pollutants. For instance, suppression of the humoral antibody response, damage to 
lymphoid organs, reduction in phagocytosis and damage to the protective mucus layer 
have all been observed (O'Neil, 1981; Zeeman and Brindley, 1981; Fries, 1986). 
Experimentally, such pollution-induced immuno-suppression leads to increases in the 
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susceptibility of fish to disease and in some cases, to helminth infections (Zeeman and 
Brindley, 1981) an observation, which was confirmed during the present study. 
Contrary to the suggested hypothesis, Khan and Kiceniuk (1983) found that exposure 
to water-soluble fractions of oil reduced the prevalence and intensity of infection of 
the acanthocephalan Echinorhynchus gadi in cod. Kiceniuk and Khan (1983) 
suggested reasons for a reduction in gut parasites in fish exposed to oil: there could be 
direct toxicity to the parasites, or the effects may be indirect. Indirect effects include 
modifications of the gut environment so that it becomes inhospitable to the parasites, 
owing to a change in the fish's physiology and a change in the composition of bile, 
which can happen in cod exposed to oil and hydrocarbons (Dey, Kiceniuk, Williams, 
Khan and Payne, 1983). 
During exposure to organic pollutants, parasites reflected opposite trends as predicted 
by the hypothesis for both ecto- and endoparasites. This suggests that pollution type, 
namely organic or chemical (heavy metals), may lead to predictive reactions in these 
two parasite groups. Thus variable ranking of these two parasite groups should further 
aid in the determination of the overall fish health during evaluation of fish using the 
HAI, irrespective of pollution type. 
5.4.4. Evaluation of the Health Assessment Index (HAI) 
Because people value fish and are more familiar with them than with other forms of 
aquatic life, fish have been included in various bio-monitoring activities (Cairns and 
Dickson, 1980). As indicated by Cairns and Dickson (1980), fish may play a central 
role in many types of bio-monitoring activities because (1) their presence implies the 
presence of other phyletic groups, since they occupy the top of the food chain in most 
aquatic ecosystems; (2) they pass through most trophic levels above the primary-
producer stage throughout their development; and (3) taxonomically they have been 
well studied, so accurate and quick identifications can be made (Cairns and Dickson, 
1980). In addition it has been stated that fish present less identification problems than 
do aquatic invertebrates and their general environmental requirements are also better 
known than are those of invertebrates (Hendricks, Hocutt and Stauffer, 1980). 
Problems associated with the use of fish is the fact that quantitative data are often 
difficult to obtain due to (1) the nonrandom distribution of fish, (2) the selectivity of 
sampling apparatus and (3) the efficiency (or lack thereof) of sampling apparatus 
(Hendricks, Hocutt and Stauffer, 1980). Furthermore, some variables such as 
molecular and biochemical responses, are expensive to measure and generally require 
specialized equipment and training (Adams, 1990). Certain kinds of indicators, 
therefore, may not be applicable in all types of environmental stress studies (Adams, 
1990). Physiological compensatory mechanisms may however, also mask the true 
magnitude of a stress response (Adams, 1990). 
The HAI is divided into four components: (1) blood constituents which include 
haematocrit %, white blood cell counts and plasma protein concentrations; (2) 
external extremities, namely the eyes, skin, fins, gills, opercules, and pseudobranchs; 
(3) internal extremities, which include the spleen, hind gut inflammation, kidney and 
liver; and (4) variables not included in the final HAI calculation, namely bile colour 
and mesenteric (visceral) fat deposits. 
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Blood constituents 
Fish are poikilothermic and many factors operating in the aquatic system in which 
they live can modify their haematological standards (Van Vuren, 1980) these include 
toxic environmental factors (Blaxhall, 1972; Cyriac, Antony and Nambisan, 1989; 
Grobler-Van Heerden, Van Vuren and Du Preez, 1991). 
Haematocrit % (Hct %):- The haematocrit is used to measure the ratio of 
erythrocytes to plasma and effectively measures the packed cell volume of the 
erythrocytes contained in the blood (Blaxhall, 1972). It is the most readily 
determined, commonly measured and widely employed hematological variable 
(Houston, 1997). According to Barnhart (1969) however, without the knowledge of 
what normal haematological parameters are, it will be difficult, if not impossible to 
differentiate between the normal and pathological status of fish. 
A study undertaken by Hattingh (1972), determined normal haematological values for 
various blood parameters in the fish C. gariepinus. This author determined the 
"normal" Hct % value to be in the region of 28.9 m1/100m1 blood. In studies by 
Cyriac et al. (1989) the mean average Hct % for 0. mossambicus was established to 
be 33 % ± 2.7 (pH 6.8, temperature = 28 ± 1 °C), under laboratory conditions. During 
assessment using the HAI a value between 30 % and 45 % was considered normal, a 
value > 45 % a mild abnormality, values between 19 % and 29 % moderately 
abnormal, with anything < 18 % severely abnormal (Avenant-Oldewage et al., 1995). 
During the drought, the Hct % for C. gariepinus was recorded as moderately 
abnormal, more so at the more polluted dam site, with a normal value only recorded at 
Mamba after the summer rains. This indicates the physiological stress imposed on fish 
in highly polluted areas when water levels are low, with the dilution effect taking 
place due to the summer rains, resulting in a temporary decrease in physiological 
stress. This is reiterated by the fact that normal Hct % values were recorded for fish 
collected at both river points during flood conditions. The same trend was observed at 
both dam sites, with moderate abnormalities only observed directly after the flood in 
April. 
Hct % values recorded for 0. mossambicus at the two river points during drought and 
flood conditions respectively, showed no improvement in condition, rather the 
maintenance of the status  quo, with moderate abnormalities in Hct % observed 
throughout. This can be expected, as 0. mossambicus is not a hardy fish, with a stress 
response observed due to drought conditions, as a result of evapo-concentration of 
pollutants and due to flood conditions, as a result of the remobilisation of pollutants 
from the sediments, with pollutants also washed in from upstream by the flood waters. 
During the HAI evaluation of Hct %, the abnormalities observed at the two dam sites 
for 0. mossambicus and B. marequensis were predominantly due to a lowered Hct % 
value, however, both dam sites recorded values > 45 % for 0. mossambicus during 
spring. A high Hct % can result from acute stress (Soivio and Oikari, 1976; Wells, 
Tetens and DeVries, 1984; Barton, Weiner and Schreck, 1985), and can also infer 
polycythemia, induced by stress, and haemo-concentration due to gill damage or 
impaired osmoregulation (Larsson et al., 1985). 
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Blaxhall (1972) noted that the Hct % always decreased when fish lost their appetite. 
Fish can either lose their appetite due to a decrease in metabolic activity or if the fish 
is supposedly diseased. This could be seen in the results from the surveys undertaken 
in the colder months, at the two river points, during drought and flood conditions, 
when the metabolic rate of fish decreased. Low haematocrit values, could further 
indicate anaemia, oligohaemia (Wepener, 1990) or haemodilution due to gill damage 
or impaired osmoregulation (Larsson et al., 1985). The gills are the first sites of metal 
uptake, with the already established heavy metal pollution problem in the Olifants 
River system, it can be suggested that gill damage did take place in all three fish 
species, thus indicating the possible reason for the low Hct % values observed. 
Wepener, Euler, Van Vuren, Du Preez and Kohler (1992) exposed Tilapia sparrmanii 
to individual concentrations of iron (ferric chloride 4.43 mg/1) and manganese 
(manganese chloride 1.57 mg/1) at pH 5 and pH 7.4. These studies revealed that the 
haematocrit decreased significantly with both metals at both pH values. The authors 
contribute this decrease during manganese exposure to internal haemorrhaging, as 
well as to haemopoietic tissue damage to the kidneys and spleen resulting in anaemia. 
Neither kidney nor spleen haemorraging was noted during the current study, thus the 
observations made by Wepener et al., 1992) were not substantiated during the present 
study. This is even though elevated iron concentrations were recorded, more 
particularly in the lower Olifants River catchment area due to the naturally occurring 
geological formations in the area (Theron et al., 1991a). 
Leukocrit/White Blood Cell count (WBC %):- The leukocrit is a gross measure of 
white blood cell abundance and provides an indication of the health of fish (McLeay 
and Gordon, 1977; Wedemeyer, Gould and Yasutake, 1983). The HAI considers a 
value < 4 % to be normal with values 4 % abnormal (Adams et al., 1993). During 
drought conditions leukocrit determination was unsuccessful, this lead to the use of 
WBC % determined using blood smears, as an indication of leukocyte numbers in the 
blood of fish being sampled. The WBC % was further assessed as leukocrit 
throughout the study, as well as during flood conditions. 
An extremely low WBC % may indicate that circulating lymphocytes have been 
suppressed by elevated corticosteroids (a characteristic acute stress response: 
Donaldson, 1981; Schreck, 1981), or that an active bacterial infection has induced 
leukocytolysis (Wedemeyer et al., 1983). Secretion of corticosteroid hormones can 
however, be considered a non-specific response to environmental stressors and is an 
essential mechanism in the increased susceptibility of fish to disease when exposed to 
a pollutant (Ellis, 1981). Decreases in WBC % were observed for C. gariepinus at 
both river points during summer. Values decreased to below 4 % during drought 
conditions, and again at Balule during the flood. During the rainy season (summer) in 
the lower catchment, water is released from the Phalaborwa Barrage carrying high silt 
loads. During drought conditions this would have affected both sample sites. During 
the flood the removal of the purifying reed beds, upstream from Balule, resulted in the 
deterioration of water quality at the control site. With excess silt releases from the 
Phalaborwa Barrage during summer, the fish at Balule, already highly impacted 
during flood conditions, as they were previously not as directly exposed to these 
levels of pollutants, would be substantially affecting, more so than those fish at 
Mamba. 
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When comparisons are made between drought and flood conditions for 0. 
mossambicus at Mamba and Balule, values decreased substantially from > 4 % to way 
below 4 %. This may be an indication of the impact flood conditions may have had on 
these less hardy fish. Changes in habitat were observed, possibly resulting in the 
disruption in feeding and reproductive habits. If the environmental stressors resulted 
in the release of corticosteroids, this may have increased the fish's susceptibility to 
disease. This may explain the reversed trends observed between endo- and 
ectoparasite numbers for this fish species at the two river points during flood 
conditions. 
An additional cause of lowered leukocyte numbers during flood conditions, could be 
attributed to the effects increased exposure to certain metals may have had on the 
leukopoietic centers in fish. According to Van Vuren, Van Der Merwe and Du Preez 
(1994), if fish are exposed to copper, histological damage in the gills, liver and 
kidneys will result, which will inhibit the production of leukocytes. Copper is 
extensively mined in the lower catchment area however, copper concentrations 
recorded in the water and sediment during the present study were higher at Loskop 
Dam. This may explain the predominantly low (< 2 %) values recorded for 0. 
mossambicus at Loskop Dam. Various other metals are also known to have adverse 
effects on fish immunology, by blocking the active sites of antibody molecules and 
disturbing the metabolism, ionic balance and cellular division of immuno-competant 
cells (O'Neil, 1981). 
An abnormally high leukocrit (e.g., > 5 %) may indicate a subclinical infection 
(Wedemeyer, Barton and McLeay, 1990). This was primarily observed for C. 
gariepinus during drought and flood conditions. In the lower catchment, values > 5 % 
were recorded at Mamba during winter in drought and flood conditions and at Balule 
during winter during the flood. At both dam sites high values were recorded 
throughout the study excluding the winter survey. This may indicate differences in 
exposure to environmental stressors at the dams when compared to the river points. 
This fish species was also seen to be the most impacted with endo- and ectoparasites 
when compared to 0. mossambicus and B. marequensis, and more so in the upper 
catchment area. These high WBC % recorded for C. gariepinus, may thus suggest an 
immunological response to infection. 
Plasma Protein (mg/0:- Plasma proteins are essential with regard to fish nutrition 
and the defence of the body against viral infections. Essential vitamins, hormones, 
inorganic and organic ions are transported by way of plasma in the body. Plasma 
proteins play an important role in the physiology of the fish as they regulate many 
functions in the blood (Van Vuren, 1980). There are three major types of proteins 
present in plasma. They include albumin, globulin and fibrinogen. Albumin functions 
to provide colloid osmotic pressure, which in turn, prevents plasma loss from the 
capillaries. The globulins perform a number of enzymatic functions in the plasma 
itself. However, more importantly, they are responsible for both the natural and 
acquired immunity against invading organisms. Fibrinogen is essential for the clotting 
of blood which helps to prevent leaks in the circulatory system (Guyton, 1986). 
Low plasma protein values are often associated with starvation and depletion of 
energy stores, a common condition of temperate-zone fish in winter and early spring 
(Lockhart and Metner, 1984; Cunjak, 1988). Lower mean total plasma protein values, 
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were recorded during winter for all three fish species, primarily during flood 
conditions. Values recorded during flood conditions at the two river points were 
however, much lower than those recorded at Mamba or Balule during the drought, 
indicating a possible stress response to flood conditions due to a disruption in habitat, 
resulting in limited food availability. Low concentrations of plasma protein could, 
influence the colloidal osmotic pressure and is indicative of haemodilution, caused by 
kidney and liver damage, infectious diseases, and an impaired water balance 
(Wedemeyer and Yasutake, 1977). With increased heavy metal exposure during the 
flood, uptake may have resulted in increased damage to internal organs like the 
kidney and liver. This was macroscopically evident at Loskop Dam with gross 
discolouration observed in the livers of C. gariepinus and more particularly in 0. 
mossambicus. 
It is generally agreed that the plasma constituents increase with an increase in water 
temperature (Van Vuren, 1980; Hille, 1982). According to Van Vuren (1980), plasma 
proteins are needed in less quantities during winter, due to the decrease in activity and 
metabolic rate of fish. In other words, a decrease in plasma protein concentrations 
should occur during winter. Increases in total plasma protein concentrations were 
recorded in summer during drought and flood conditions, at all four-sample sites, 
however overall, higher values were recorded during drought conditions. High 
concentrations indicate haemoconcentration and impaired osmoregulation (Larsson et 
al., 1985). This may well be a factor affecting plasma protein concentrations during 
the drought with evapo-concentration of pollutants possibly having a profound effect 
on the gills first as they are directly exposed to the aquatic environment, resulting in 
impaired osmoregulation at this site. 
External extremities 
Eyes:- The eyes are highly vascularised organs that indicate the well being of the fish 
in several ways (Goede and Barton, 1990). Imbalances of fluid or gas pressure may 
cause exopthalmia (popeye). Infections or nutritional disorders may cause cataracts of 
various types (Goede and Barton, 1990). Haemorrhage, protrusions, clouding or 
scarring of the eyes are serious deviations from the norm, and should be thoroughly 
examined (Novotny and Beeman, 1990). In the lower catchment at Mamba during the 
flood a single fish (C. gariepinus) was recorded with trematode cysts in the eye, 
which reportedly can lead to blindness (Thurston, 1965; Lombard, 1968; Douellou, 
1992). In the upper catchment at Loskop Dam during flood conditions, 0. 
mossambicus was observed with blindness in one or both eyes. This phenomenon was 
observed in 0. mossambicus and C. gariepinus at Mamba and Balule during drought 
conditions, with no deviations from the norm at Loskop Dam. This may suggest a link 
between blindness at Loskop Dam and the floods with the washing in of contaminants 
from upstream and the remobilisation of pollutants from the sediments effecting the 
eyes. Low flow during drought conditions at the two river points may have bio-
concentrated pollutants, effecting the eyes, this is further substantiated by the fact that 
no cases of blindness were reported during the period of high flow (flood) at either 
sample site. 
Skin:- The skin is one of the largest organs in the teleost body, and is an important 
interface between internal tissues and the external environment. The skin is therefore 
extremely susceptible to environmental stress (Hinton and Lauren, 1990). According 
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to Heath (1987), a certain degree of excretion, or uptake of chemicals occur through 
the skin. Metal uptake via the skin involves mucus (Heath, 1987), and according to 
Hinton and Lauren (1990), chemical stress enhances the production thereof. 
Deficiencies in the internal milieu of fish may also affect the skin. For example, Heath 
(1987) found that the depletion of ascorbate (vitamin C) in the liver causes skin 
lesions. There are many entities, which may act as irritants, causing tissue damage and 
necrosis eliciting an inflammatory response. Among these irritants are infectious 
agents such as bacteria, viruses, protozoans, fungi and metazoans and their toxic 
metabolites. Mechanical injuries, chemical toxicants, inanimate foreign bodies, 
antibody-antigen complexes, sequestered antigens, infarcts, and loss of nervous 
innervation may also be considered possible irritants (Meyers and Hendericks, 1984). 
The only abnormality observed during flood conditions was recorded in C. gariepinus 
and 0. mossambicus at Balule during the winter survey. This was possibly due to a 
direct effect of the floods, with the water quality deteriorating substantially after the 
flood due to the removal of the purifying reed beds upstream. It should be considered 
that surface lesions, resulting from the contact with a toxicant, provide direct ways of 
entry for secondary bacterial or fungal infections, which could lead to the death of the 
host (Meyers and Hendericks, 1984). Severe secondary infections were however, not 
observed macroscopically during examination, however no histological examinations 
were performed in order to confirming this observation. 
Not only can ulceration's or external lesions be caused by environmental stress, 
irritants, bacterial infection due to pathogens of the genus Vibrio, Pseudomonas, or 
Aeromonas, but also by net damage, surface abrasions or predator attacks 
(Sindermann, 1979; Meyers and Hendericks, 1984; Hinton and Lauren, 1990). Higher 
incidence of skin lesions were recorded during drought conditions for C. gariepinus 
and 0. mossambicus at the two river points. The cause of lesions in C. gariepinus was 
undetermined, possibly resulting from direct exposure to toxicants in the sediments as 
well as predator attacks. Many gross lesions can also be caused by parasites such as 
leeches, copepods and isopods, as was observed by Grizzle (1986) on a variety of fish 
captured in the Gulf of Mexico. L. cyprinacea was observed on the skin of 0. 
mossambicus during the drought, causing a severe inflammatory response at the site 
of attachment. This was however, not the case during the surveys conducted during 
flood conditions indicating the negative effects flood conditions can have on the 
sustained life cycles of certain parasites. 
Fins: - Fin erosion is a pathological condition of fish marked in its acute phase by a 
necrosis of the distal part of the fin, which initially involves the epidermis but which 
may progress to involve the fin rays. Fin erosion is distinct from fin rot in that its 
aetiology is not associated with any obvious or extensive infectious agent, although 
infection may arise as a compounding event (Mearns and Sherwood, 1974; Sherwood 
and Mearns, 1977). Necrosis occurring during fin erosion typically results in erosion 
or shortening of the fin which may be so severe as to leave only a stump remaining. 
Regeneration (healing) of moderately eroded fins results in a typical deformation of 
the fin rays which serves both as an indicator of a previous erosive episode as well as 
marker of the maximum extent of erosion (Sharples, Campin and Evans, 1994). The 
deformation of fin rays was not reported during drought or flood conditions in any of 
the three fish species investigated, however, mild fraying of the fins was observed. 
This may suggest that the impact of this disease should not be considered too severe. 
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Gills:- The condition of the gills is a good indicator of the general well being of the 
fish (Goede and Barton, 1990). At the gill, blood and water are separated only by a 
semi-permeable membrane (Goede and Barton, 1990). The gills are responsible for a 
variety of critical physiological functions, such as gas exchange, ion-regulation, 
maintenance of the acid-base balance, and excretion of nitrogenous waste (Hinton and 
Lauren, 1990). Movements of gas, ions, and fluids across the membrane may be 
active or passive and are influenced by a variety of biochemical and physiological 
processes (Goede and Barton, 1990). Alterations of any of these processes may result 
in structural changes, which may be expressed in various ways (Goede and Barton, 
1990). The affected tissue provides a ready substrate for bacteria and protozoans, 
which may be merely growing on the gill or may be parasites (Goede and Barton, 
1990). A fungal infection was observed in the gills of 0. mossambicus at Loskop 
Dam. This was however, an isolated case with only one fish infected during flood 
conditions in the summer survey. 
Several studies have been done to establish the structural damage inflicted on the gills 
as a result of perturbations in the aquatic environment. Among these are studies by 
Novotny and Beeman (1990), who established that environmental perturbations or 
parasitic infections affected the physiological appearance of the lamellae, and showed 
signs of anemia (pale colour) in the gills of several fish. This was one of the abnormal 
conditions observed which were highly prevalent at both dam sites during the flood. 
The fish species affected were 0. mossambicus at Loskop Dam and B. marequensis at 
Bronkhorstspruit Dam respectively. During drought conditions pale gills were 
observed in C. gariepinus and 0. mossambicus at both river points. Anaemia also 
occurs due to a decrease in erythrocyte numbers resulting from impaired 
osmoregulation and gill damage during sublethal copper exposure (Van Vuren et al., 
1994). The highest copper concentrations were recorded at Loskop Dam during the 
flood, which may explain the pale gills observed in 0. mossambicus as compared to 
the bottom dwelling C. gariepinus at this site. 
Parasitic infections can affect the appearance of the lamellae as well as cause signs of 
anaemia (pale colour) (Novotny and Beeman, 1990). Parasitic infections on the gills 
were predominantly observed on C. gariepinus (L. clariae), with gill abnormalities 
(pale) only observed during drought conditions. Frayed and clubbed gills were 
however, observed for B. marequensis at Bronkhorstspruit Dam during the flood in 
autumn. Skinner (1982), found numerous gill abnormalities and lesions associated 
with a number of monogenetic gill parasites. This author observed an increase in 
mucous production (rendering the gill filament white in appearance), obliteration of 
filament structure and the clubbing of gill lamellae at the site of parasite attachment. 
No monogeneans were observed on the gills of B. marequensis, thus conclusive 
evidence of the cause of fraying and clubbing of the gills at Bronkhorstspruit Dam can 
not be determined. Studies undertaken by MacLean (1993), showed parasitic 
epitheliocystis-like lesions, myxosporidiosis and larval trematodiasis (metacercariae) 
manifest in winter flounder (Pleuronectes americanus) from Narragansett Bay. This 
polluted bay also contributed to hyperplasia, fusion and bifurcation of the gills. 
Epitheliocystis-like lesions were observed in the gills of C. gariepinus and B. 
marequensis and trematode cysts on the gills of C. gariepinus and 0. mossambicus 
respectively. No accompanying gill pathology was observed. 
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Opercules:- The opercula serve as a protective covering for the gills, and extend 
posteriorly from the head and cover the gills (Villee, Solomon and Davis, 1985). It 
reacts to vitamin deficiencies as it can become necrotic at the edges, it can bulge, 
spread and deformities can occur (Schaperclaus, 1992). The shortening of opercula 
were observed during the present study, only at the two dam sites. 0. mossambicus 
was affected at Loskop Dam during autumn and winter surveys, and B. marequensis 
at Bronkhorstspruit Dam during winter and spring respectively. No conclusive 
evidence as to the cause of this abnormality could be found. 
Pseudobranch:- The pseudobranch, found on the underside of the operculum, has 
uncertain functions, but it has been considered a salt-regulating, respiratory, 
glandular, and sensory organ (Laurent and Dunel-Erb, 1984). Its normal appearance is 
flat or concave; when swollen, it rises convexly above the surrounding skin surface 
(Goede and Barton, 1990). We interpret swelling of the pseudobranch to imply 
changes in oxygen and carbon dioxide partial pressures (Ellis, Roberts and Tytler, 
1978), although this relationship has not been demonstrated experimentally (Goede 
and Barton, 1990). The pseudobranch is well vascularised and inflammation is often 
associated with severe swelling (Goede and Barton, 1990). Besides normal or 
swollen, the pseudobranch also can be categorised as "lithic", which indicates the 
presence of mineral deposits (Dean, 1971). No such abnormalities were observed for 
C. gariepinus at any of the four-sample site during drought or flood conditions. The 
only abnormality observed during flood conditions however, were yellow cysts on the 
pseudobranchs of C. gariepinus at Balule, which when excised revealed no positive 
identification of their cause. During drought conditions pseudobranch abnormalities 
(pale) were observed at Mamba and Balule however, this could possibly be attributed 
to excessive bleeding during severing of the spinal cord as well as during removal of 
the gills for microscopic examination. 
Internal extremities 
Spleen:- The spleen in fish is primarily an organ of blood storage and blood cell 
production (Ellis et al., 1978; Fange and Nilsson, 1985). It also disintegrates 
erythrocytes and releases haemoglobin (Goede and Barton, 1990). The condition of 
the spleen can be noted as black, red, granular, nodular, or enlarged. Black, red, and 
granular conditions are, at present, considered normal in the autopsy evaluation 
(Goede and Barton, 1990). Histological examination has revealed that a granular 
appearance of the spleen is 'probably caused by blood pooling in sinusoids (Goede, 
1990), such pooling may be a response to physiological shock (Goede and Barton, 
1990). Peters and Schwarzer (1985) observed histological changes, including swelling 
and increased vacuolation of haemoblasts, in splenic blood cells of rainbow trout 
during stress (Goede and Barton, 1990). Enlargement of the spleen and the presence 
of nodules are considered an abnormal pathological conditions (Goede and Barton, 
1990). Adams, Crumby, Greeley and Shugart (1992) state that any enlargement or 
swelling of the spleen could be indicative of disease or immune problems. 
Enlargement of the spleen was observed during the present study, however only at 
Bronkhorstspruit Dam in B. marequensis. This abnormality was observed directly 
after the flood in autumn as well as during the winter survey. This may suggest 
physiological stress was exerted on the immune system of these fish after the flood. 
This may possibly explain the higher pooled endoparasite numbers observed in B. 
marequensis at Bronkhorstspruit Dam as compared to 0. mossambicus at Loskop 
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Dam during autumn and winter respectively (See Figure 5.9), with the endoparasites 
taking advantage of a weakened immune system to proliferate. 
Hind gut inflammation:- The hind portion of the gut is examined for signs of 
inflammation, which may indicate a stress-medicated infection from a facultative 
pathogen such as Aeromonas liquefaciens (Goede and Barton, 1990). Inflammation 
may also be induced be a variety of irritants and toxicants (Goede and Barton, 1990). 
Hind gut inflammation was observed at Bronkhorstspruit Dam in B. marequensis and 
at Loskop Dam in C. gariepinus during flood conditions as well as at Balule in C. 
gariepinus during the drought. This condition appears only to occur in isolated cases 
with no direct cause apparent. Stomach and intestinal inflammation and haemorrhages 
in the intestines can also occur as a result of vitamin deficiencies (Schaperclaus, 
1992b). Intestinal haemorrhage was observed at Loskop Dam in C. gariepinus during 
spring. No direct cause could however, be established. 
Kidney:- A major function of the kidney is to excrete water from freshwater fish 
(Hickman and Trump, 1969). The head kidney is also the primary haemopoietic organ 
in fish (Ellis et al., 1978; Heath, 1987). An abnormal appearance of the kidney, such 
as a pale mottled colour, excessive swelling, or granulation, probably reflects a 
pathogenic infection (Goede and Barton, 1990). C. gariepinus at Mamba and Balule 
during drought conditions exhibited swollen kidneys during autumn and winter 
respectively. Swelling was observed during flood conditions only in one fish (B. 
marequensis) at Bronkhorstspruit Dam during winter. The scattered nature of these 
observations appears to indicate that no severe pathogenic infection exists in the 
populations studied. 
Liver:- The liver is a multilobed, large and highly vascularised organ and is the 
largest of all glands (Klaassen, 1976). The liver is a multipurpose organ that converts 
food materials, stores glycogen, produces bile and plasma proteins, and metabolises 
and removes hormones and foreign substances from the blood (Heath, 1987). The 
liver is important in many aspects of nutrition, including lipid and carbohydrate 
storage. The liver contains both enzymes and co-factors related to both oxidation and 
conjugation pathways (Hinton and Lauren, 1990). According to Hinton and Lauren 
(1990), the activation of carcinogenic substances may eventually result in neoplastic 
changes within the liver. Reactions of the liver to vitamin deficiencies include 
reduction in size and weight of the liver, lipoid degeneration, fatty-liver, detection of 
bright spots on the liver and haemorrhages in the liver (Schaperclaus, 1992). During 
drought and flood conditions the liver exhibited the highest degree of abnormality. 
Abnormalities included fatty-livers and focal discolouration. The sample site most 
heavily affected was Loskop Dam (See Figure 5.12 and 5.13). 
The fatty-liver condition usually is a pathological state attributable to excessive 
accumulation of fat in cellular cytoplasm (fatty degeneration) and may be diet related 
(Roberts, 1978; Hibiya, 1982). This condition prevailed during drought and flood 
conditions in 0. mossambicus and C. gariepinus, thus if this condition is diet related, 
then it may not be easily rectified as habitat structure (available food sources) can not 
readily be changed. Fat accumulation could also result from an inability to convert fat 
stored in hepatocytes to a phospholipid form suitable for use (Runnells, Monlux and 
Monlux, 1965). This could not be determined during the present study thus no 
assumptions can be made. 
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Figure 5.12. Photograph of a fatty (I) liver ji•oin C. gariepinus 
Figure 5.13. Photograph of a liver with focal disclouration (d) from C gariepinus 
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A cyanobacteria Microcystis aeruginosa reportedly result in liver discolouration 
(Tencalla, Dietrich and Schlatter, 1994). To determine if this blue-green algae was 
present in the Olifants River system at the four-sample sites studied, water samples 
were analysed by the Potchefstroom University for Christian Higher Education, 
Department of plant and soil sciences. The presence of Microcystis aeruginosa was 
confirmed at all four-sample sites (See Appendix A). 
Focal discolouration of the liver indicates an aberration or response on a specific 
focus of the liver and may be induced by such things as focal infections, 
inflammation, or necrosis (Goede and Barton, 1990). The toxins produced by 
cyanobacteria (blue-green algae) include neurotoxins and hepatotoxins (Codd, Bell 
and Brooks, 1989; Carmichael, 1992) resulting in necrosis of hepatic tissue (Tencalla 
et al., 1994). Most laboratory studies on the effects of cyanobacterial hepatotoxins 
have been carried out on mammals (Falconer, Smith, Jackson, Jones and Runnegar, 
1988) and freshly isolated mammalian cells and cell cultures (Falconer and Runnegar, 
1987; Eriksson, Meriluoto and Kujari, 1988; Eriksson, Meriluoto and Lindholm, 
1989; Runnegar, Gerdes and Falconer, 1991). These studies revealed that most of the 
toxin accumulated in the liver (Robinson, Miura, Matson, Dinterman and Pace, 1989). 
Uptake of the hepatotoxic microcystins by liver cells is via the bile acid transport 
system (Runnegar et al., 1991). Microcystins inhibit protein phosphotases (Eriksson, 
Toivola, Meriluoto, Karaki, Tan and Hartshorne, 1990; Honkanen, Zwillers, Moore, 
Daily, Khatra, Dukelow and Boynton, 1990; MacIntosh, Beattie, Klumpp, Cohen, 
Codd, 1990; Matsushima, Yoshizawa, Watanabe, Harada, Furusawa, Carmichael and 
Fujiki, 1990) resulting in microfilament re-organization and characteristic bleeding of 
isolated hepatocytes (Eriksson et al., 1989). In vitro studies show extensive 
mammalian liver haemorrhage, cell necrosis and loss of cell architecture leading to 
death by liver damage (Falconer, Jackson, Langley and Runnegar, 1981). Fish 
experiments indicate that the route of uptake of the toxin is the gastro-intestinal tract 
and that only negligible amounts enter the system via the gills or the skin. During 
experimentation, the toxic manifestations of microcystin in trout, was restricted to the 
liver and were characterised by hepatocyte rounding, derangement of hepatic 
architecture and progressive necrosis of the tissue. Microcystin appears to act 
similarly on different types of fish but species-specific differences in sensitivity and 
secondary target organs exist (Tencalla et al., 1994). In contrast to the situation in 
mammals, trout and carp exposed to microcystins did not present with massive 
hepatic haemo-congestion or haemorrhage (Carmichael, 1992). This observation 
suggests that in the case of fish, hepatic damage consists mainly of, severe necrosis of 
hepatocytes rather than massive intrahepatic haemorrhage (Tencalla et al., 1994). 
Histopathological examination was made of 0. mossambicus livers collected from the 
most affected site, Loskop Dam, to determine if M. aeruginosa may have resulted in 
the focal discolouration of livers observed at this site. The ARC-Onderstepoort 
Veterinary Institute carried out these studies, the results were compared with a control 
group (ten 0. mossambicus from the RAU aquarium). Histological examinations 
indicated that there was indeed severe hepatic pathology in 0. mossambicus livers at 
Loskop Darn. There were two groups of lesions: the first probably associated with 
inadequate feed intake and chronic stress, and hence excessive breakdown of hepatic 
glycogen (energy stores) was observed. The second can be regarded as cholangiolar 
proliferation, metaplasia, and bile stasis with associated granulomatous inflammation, 
probably attributable principally to rupture of metaplastic ducts. In one fish even 
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neoplasia and bile duct adenoma (cholangioma) was observed. Possible causes of 
these lesions were attributed to potential hepatic carcinogens, mycotoxins and heavy 
metals. Thus microcystins (blue-green algae) were probably not involved in the liver 
discolouration observed during the present study. M aeruginosa is however, present 
in the Olifant River system, thus activity of these blue-green algae should be 
monitored to avoid future problems in the catchment. 
Variables not included in the HAI calculation 
Bile colour:- The colour of the bile in the gall bladder is a good short-term indicator 
of the feeding activity and nutritional status of fish (Love, 1980). Indications of no 
recent feeding could mean either a change in feeding behaviour or a lack of available 
food (Goede and Barton, 1990). Bile colour ranges from clear to straw-yellow in fish 
that have fed within the previous couple of days to blue-green in fish that have not 
eaten for a week or longer. The blue-green pigmentation is caused by oxidation of 
bilirubin pigments to biliverdin (Goede and Barton, 1990). A completely empty gall 
bladder indicates that the fish have probably eaten within the last few hours. A gall 
bladder that is blue-green but empty indicates that a fish has recently resumed feeding 
after a period of starvation (Love, 1980; Goede and Barton, 1990). Most fish sampled 
at Bronkhorstspruit Dam exhibited yellow bile for both C. gariepinus and B. 
marequensis indicating fish were feeding well. At the more polluted dam site and at 
both river points, bile colour differs between species, with green recorded for 0. 
mossambicus and yellow for C. gariepinus respectively. This suggests differences in 
the feeding regemes of these fish. Large quantities of detritus are available at this 
eutrophic dam site and at both river points after the floods. These conditions favour C. 
gariepinus, an opportunistic scavenger (Skelton, 1993), possibly explaining the more 
prolific feeding habits observed for C. gariepinus as compared to 0. mossambicus. 
Furthermore, remobilisation of sediments during the flood affected light penetration, 
limiting algal blooms directly after the flood, and thus food available for 0. 
mossambicus at all three-sample sites would have declined. 
Mesenteric (visceral) fat deposits:- Determination of levels of mesenteric fat 
deposits is somewhat subjective; however, with a sample of 20 fish, trends among and 
within populations are readily discernable (Goede and Barton, 1990). The mean fat 
level is used as a mesenteric fat index (Goede and Barton, 1990). Although not 
directly related to stress, the level of fat reflects the intensity of feeding and energy 
deposition over the long term and permits inference about bioenergetics (Goede and 
Barton, 1990). For example, major differences in fat levels in hatchery fish can be 
related to feeding schedules established by hatchery managers (Goede and Barton, 
1990). Investigators should establish fat index criteria for there own species of interest 
because there are considerable differences among species, furthermore, many species 
lack pyloric caeca (Goede and Barton, 1990). Comparisons made during the present 
study indicated no differences existed between species during drought or flood 
conditions. The fat index can also vary with season, sex, and aquatic system (Goede 
and Barton, 1990). There was no observed seasonal or sex (gender) differences even 
though it has been reported that the autumn condition of females, shows a decrease in 
mesenteric fat deposits, as they normally use fat in the late fall and winter for ovary 
development (Newsome and Leduc, 1975; Adams, Breck and McLean, 1985). 
Significantly lower levels of mesenteric fat were however, observed for 0. 
mossambicus at the river points when compared to Loskop Dam. This may be due to 
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differences in food availability in different aquatic systems, i.e. dams versus river 
points. 
5.4.5. HAI Calculation 
When comparing the three index calculations no marked differences were observed in 
health profile determinations using the original HAI, Endo/Ecto Present Index and 
Refined Index, during drought or flood conditions, for C. gariepinus, 0. mossambicus 
and B. marequensis respectively. 
C. gariepinus 
HAI calculations for Loskop Dam and Bronkhorstspruit Dam remained relatively 
constant showing no seasonal variation, with a better condition profiles recorded for 
the control dam than those observed at Loskop Dam. The only exception was during 
the last survey in summer, whereby the condition profile determined using the 
original HAI calculation and the Endo/Ecto Present Index calculation providing a 
better condition profile at Loskop Dam. These results may be biased as only four fish 
were collected from Loskop Dam during summer, thus these results are not 
necessarily representative of the population being sampled. 
The two river points both showed an improvement in fish condition after the flood 
during the second survey, more so at Balule. This is substantiated by bio-
accumulation studies (Chapter 4) and water and sediment analysis (Chapter 3) at these 
two points. At Balule the marked improvement during the summer survey reflects the 
effects the floods had on this site, with the removal of the purifying reed beds 
upstream. Regrowth of the reed beds showed an improvement in water quality and 
subsequently fish condition. Water quality at both river points were similar directly 
after the flood (winter), substantiating the fact that similar HAI calculations were 
observed for Mamba and Balule respectively. 
0. mossambicus and B. marequensis 
Index values for 0. mossambicus and B. marequensis at Loskop Dam and 
Bronkhorstspruit Dam respectively, were similar throughout the study with no 
definite trends observed between the different index calculations or between seasons. 
The only fluctuations in the health profile of the fish sampled were observed during 
winter for both fish species. Similar values were recorded for both fish species, 
indicating that there was no observable difference between the control and more 
polluted site using these fish. It could thus be assumed that results recorded for these 
two different fish species, may not be comparable with each other. 
At the two river points only one survey was undertaken during flood conditions, thus 
index values recorded for 0. mossambicus should be assessed carefully, however, it 
appears that Balule still had the better fish condition profile when compared to 
Mamba. 
Overall, 0. mossambicus and B. marequensis had the better health profile when 
compared to C. gariepinus. C. gariepinus is an omnivorous scavenger (Skelton, 1993) 
exposed to pollutants from the sediments and water column. Increased exposure to 
162 
I Chapter 5. 	 Health Assessment Index I 
toxicants resulted in the increased probability of morphological and physiological 
abnormalities being detected in these fish. More parasites were observed on or in C. 
gariepinus when compared to the other two fish species, exerting a greater negative 
effect on the health profile of these fish. 
5.4.6. Logistic regression analysis and cross tabulation 
Logistic regression analysis was employed to determine which variables in the HAI 
were indicative of differences between sample sites, when exposed to varying 
environmental conditions, namely drought and flood. Only two sample sites were 
assessed during drought and flood conditions, that is, Mamba and Balule in the lower 
Olifants River catchment area. Data collected from both fish species namely, C. 
gariepinus and 0. mossambicus were assessed respectively. 
When a combined data set (variables collected for C. gariepinus and 0. mossambicus) 
was evaluated during drought conditions, parasites and fins were the only variables 
selected for during assessment of the original HAI, Endo/Ecto Present Index and 
Refined Index respectively. When data collected for C. gariepinus was assessed on its 
own, parasites were again selected for, using all three index types respectively. Using 
0. mossambicus data the same three variables were selected, for all three index types 
namely, parasites, fins and liver respectively. Thus the only variable selected for using 
a combined data set and data collected for C. gariepinus and 0. mossambicus 
separately were parasites. 
Percentage classifications improved with modifications made to the original HAI, 
with the highest number of correctly classified fish being observed when the Refined 
Index was employed. Cross tabulation of variables excluded from the Endo/Ecto 
Present Index using a combined data set, indicated a relationship existed between 
ectoparasites present and skin. This relationship between ectoparasites and skin was 
also observed when data collected for 0. mossambicus was assessed on its own for all 
three index types. Lernaea were observed on the skin of 0. mossambicus causing an 
inflammatory response on the skin of affected individuals. Skin abnormalities are thus 
directly related to this ectoparasitic infestation, and consequently skin was excluded 
from the model to avoid repetition of results. WBC % was eliminated when the 
Refined Index was employed using the combined data set. A relationship appears to 
exist between excluded WBC % and skin, this suggests a link between immune 
response and damage found on the skin. Lernaea cause inflammation at the site of 
attachment, inflammation can be seen as a product of an immune response, which 
could explain the relationship, which appears to exist between skin and WBC %. 
For data collected for C. gariepinus, eliminated during cross tabulation, a relationship 
appears to exist between all parasites and WBC %, when the original HAI model was 
employed. This suggests an immunological response exists due to parasite infections. 
Observed parasite infections were higher in C. gariepinus when compared to 0. 
mossambicus during drought and flood conditions, thus an observable immunological 
response would be expected when data collected from the control and more polluted 
river points are compared. 
During cross tabulation comparisons using the combined data set and data for C. 
gariepinus and 0. mossambicus separately, relationships also appear to exist between 
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fins and skin, fins and WBC %, fins and liver, skin and WBC %, and between WBC 
% and endoparasites refined respectively, no positive link can be made to suggest that 
these relationships exist other than by chance. 
When the models developed during drought conditions was employed on data 
collected during the 1996/1997 flood, the original HAI provided the highest correct 
classification of fish. The variable selected for throughout this comparison, using a 
combined data set, and data collected for C. gariepinus and 0. mossambicus 
separately was WBC %. Parasites were again selected for, however only when the 
original HAI was employed. Variables excluded from the model showed only one 
possible relationship existed namely between all parasites and WBC % when the 
original HAI was employed and only when using a combined data set. This suggests 
an immunological response exists as reaction to parasitic infection. This comparison 
follows the same trends observed for the model developed for C. gariepinus during 
drought conditions also using the original HAI model. 
As suggested by the above discussion, when cross tabulation and Chi t analysis was 
carried out on flood data in order to develop a model specific for flood conditions, 
blood variables and parasites were selected as being indicative of differences 
observed in fish caught at Mamba and Balule respectively. The new models 
developed during flood conditions indicated that WBC % and parasites, more 
specifically endoparasites in C. gariepinus, were most suggestive of differences 
between the fish sampled. 
All parasites were again selected using 0. mossambicus data separately, consequently 
the Endo/Ecto Present Index model failed for this fish species. Parasite numbers 
collected for this fish species were low during flood conditions, with no ectoparasites 
observed. Thus the all parasites variable selected for by the model for 0. 
mossambicus data, can be considered comparable to the endoparasites present 
assessment observed for C. gariepinus. 
When compared to the model developed during drought conditions whereby both 
endo- and ectoparasites were selected, the effects of the floods on the Olifants River 
system becomes evident. During flood conditions ectoparasite numbers dropped 
significantly at Mamba and Balule on C. gariepinus and 0. mossambicus respectively. 
This can be attributed to a decline in water quality observed at both sample sites, more 
specifically at Balule, with the removal of the purifying reed beds upstream. Accurate 
observations of ectoparasite numbers are however not always possible. Sampling 
techniques, i.e. gill nets, whereby parasites leave the host when they become stressed, 
and the use of fishing rods, whereby hazardous terrain (crocodiles) does not always 
allow one to enter the water to collect the fish, may see the removal of ectoparasites 
before they can be counted. Endoparasites cannot escape their hosts, thus accurate 
assessments are made of infestation rates. During development of the flood models 
the Refined Index could not be employed, as the data set was not big enough. This 
was due to the overall decrease in ectoparasite numbers observed at both sample sites 
during the flood. 
To summarise it was found that parasite numbers (endo- and ectoparasites) on their 
own could determine differences in fish sampled at Mamba and Balule, provided 
prevailing environmental conditions remained constant, as observed during drought 
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conditions. Once fish are exposed to stressors in their environment, immunological 
response mechanisms come into play (WBC %). This was seen when the drought 
models were applied to data collected during flood conditions as well as after 
development of the flood models. Parasites too continue to play a role during flood 
conditions. Changes observed in the model developed during flood conditions can be 
seen as a way of compensating for environmental stressors exerted on the different 
parasite groups, namely endo- and ectoparasites respectively, ultimately resulting in 
the elimination of ectoparasites from the model as an unreliable indicator of 
differences between sample sites. Therefore the only constant (variable repeatedly 
selected for) during drought and flood conditions and for assessments of data 
collected for 0. mossambicus and C. gariepinus were endoparasites. It is thus 
suggested that endoparasite numbers and WBC % should provide the best overall 
assessment of fish condition in the Olifants River system, and should not be discarded 
from the HAI if variables are being eliminated in order to streamline the HAI 
evaluation procedures. 
Similar trends were observed by Robinson, Hines, Sorensen and Bryan (1998) in the 
selection of blood variables and parasites, when determining overall fish health using 
logistic regression analysis. This author assessed the relationship among fish health, 
eukaryotic parasites, and bacterial and viral infections of endangered fish collected 
from two locations (Perkinsville and Childs) on the Verde River, Arizona, during 
February and June 1996 (Robinson et al., 1998). Regression analysis on the calculated 
health assessment index, haematocrit and leukocrit, indicated that month, site, 
Trichodina, Ichthyophthirius (ich), Ornithodiplostomum and Posthothplostomum 
(white grub), and the cestode Isoglaridacris hexacotyle negatively affected the health 
of fish (Robinson et al., 1998) i.e. these variables best indicated degredation in fish 
condition, and thus provide the best assessment of differences between sample sites. 
When an assessment is made of the differences observed in using the original HAI, 
Endo/Ecto Present Index and Refined Index, no definite conclusions can be made. 
However, if sufficient data is available to make use of the Refined Index during flood, 
further study during flood conditions may well find that as observed during drought 
conditions this model will provide the best classification of fish when employed. 
5.4.7. Correspondence analysis 
Examination of Figure 5.10 indicates overlap only occurs between the polluted 
sample sites. Thus it can be suggested, that stress reactions on fish when exposed to 
pollutants are the same at different localities when exposed to the same pollution 
types, however, this distribution may also have occurred by chance. Only one 
grouping of variables was able to predict the spatial distribution at Mamba, namely 
normal WBC %, abnormal plasma protein and endoparasite numbers respectively. 
Grouping of variables for Loskop Dam provided a wider spatial distribution for this 
sample site. This indicates that the conditions observed at Loskop Dam are highly 
variable when compared to the polluted river point. This comparison possibly 
suggests differences observed between dam and river points with respect to exposure 
potential of fish to pollutants. Thus combinations of abnormal WBC % and plasma 
protein concentrations, as well as, abnormal WBC %, plasma protein concentrations 
and endoparasite numbers and normal WBC %, plasma protein concentrations and 
endoparasite numbers, indicate that fish were affected by the presence of pollutants to 
varying degrees at the dam site. Loskop Dam is the largest impoundment in the 
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Olifants River system (Theron et al., 1991a), the volume of water allows for variable 
exposure to pollutants, allowing for fish to be reported with a normal condition 
profile, even though one is dealing with a polluted site. This indicates the importance 
of gathering a representative sample of the population, before making final 
assessments about the health profile of • fish in a specific impoundment. The 
importance of having no overlap between the control sites, or of control sites with 
polluted sites, indicates that any comparisons made between control and polluted sites 
in the upper and lower catchment areas respectively, can be done knowing that 
differences exist. 
5.4.8. Condition Factor 
According to Adams et al. (1992), the condition factor (CF) is generally a good 
indicator of the overall health (`plumpness') of fish. The condition factor is expressed 
as weight/length 3 , with a value of one (1) indicative of a very good health status. Van 
Senus (1989) states that the condition factor serves as an important measure of 
favourable and unfavourable environmental conditions. Furthermore, Van Senus 
(1989) indicates that both body fat and parasitic load may significantly influence 
condition factor values. Values recorded for C. gariepinus at both dam sites remained 
close to one, with values below one recorded at the two river points for this fish 
species. This may suggest differences in the condition of fish in the upper and lower 
catchment areas, with fish in the lower catchment (Mamba and Balule) exposed to 
higher levels of pollution. This was confirmed during assessment of heavy metal 
levels in the water and sediment (See Chapter 3.). Differences in condition may also 
be observed between fish caught at river and dams due to variations in habitat 
structure, resulting in variations in physiological stressors exerted on fish from 
different habitats. Fish in rivers are always in a stream, and thus presumably spend 
more time and energy swimming in order to maintain position, this may further 
explain the lower CF observed for fish caught at both river points when compared to 
the two dam sites. Values recorded for 0. mossambicus and B. marequensis were 
above one, more so for 0. mossambicus at Loskop Dam. 
A decline in the condition factor is usually interpreted as the depletion of energy 
reserves in the body of the fish, such as stored body fat and glycogen (Goede and 
Barton, 1990). A drop in the condition factor as a result of decreased fat or body 
reserves need not be due to stress or starvation. There are several other factors which 
may influence the condition factor, such as a change in feeding patterns, seasonal 
fluctuations, a change in physiological development, and sexual maturation, where 
masses of eggs are produced, creating the illusion that the fish are in a good condition 
(Goede and Barton, 1990). No sharp decreases were observed for C. gariepinus, 0. 
mossambicus or B. marequensis in the upper or lower catchment areas, throughout the 
flood, suggesting no seasonal variations exist among the fish sampled, in addition no 
gender differences were observed during the period of study. 
5.5. Conclusion 
During preliminary observations made of the data collected during evaluation of the 
HAI, before statistical analysis was carried out, it appeared parasites both endo- and 
ectoparasites as well as blood variables, provided the best indications of fluctuations 
in water quality. These fluctuations were indicated by water and sediment data 
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(Chapter 3.) and bio-accumulation data (Chapter 4.), analysed in substantiation of the 
results obtained during testing of the HAI under South African conditions. 
Preliminary observations indicated that C. gariepinus had the highest number of 
parasitic infestations and thus provided the best indication of fluctuations in water 
quality using parasites on their own. During testing of the parasite hypothesis both 
endo- and ectoparsites conformed to the suggested idea that higher endoparasite 
numbers will occur at highly impacted areas, whereby ectoparasite numbers will be 
low. This was particularly evident in the lower catchment area, whereby comparisons 
between drought and flood conditions were carried out. Water and sediment data 
indicated a decrease in water quality after the floods, more so at the control site 
Balule, due to the removal of the purifying reed beds upstream. A sharp decrease in 
ectoparasite numbers was observed at this sample site. A weakened immune system 
after increased exposure to heavy metals (Woo, 1992) during the flood, may in turn 
have increased these fish's susceptibility to helminth infections (Zeeman and 
Brindley, 1981). This may explain the increases in endoparasite numbers (nematodes, 
cestodes and trematode cysts) observed at Balule, when compared to Mamba after the 
flood. Decreases in WBC % observed for C. gariepinus at both river points during 
flood conditions could be attributed to the release of corticosteroids as a non-specific 
stress response (Ellis, 1981). This may have increased the fish's susceptibility to 
disease (Ellis, 1981), resulting in the increases in endoparasite numbers observed at 
Balule when compared to Mamba. 
The reversed trends observed in the lower catchment area after the floods during 
testing of the parasite hypothesis, suggests a change in approach to using a control site 
in order to monitor fluctuations in water quality observed at more polluted points. 
With disturbances due to naturally occurring phenomena (floods), changes may occur 
to a reference point which can not be explained by anthropogenic inputs. The gradual 
monitoring of a particular sample point over time should provide a data base with 
which one can better compare the condition profile of fish sampled at the same site 
over time. This data base should then incorporate data collected during periods of 
disturbance, which enable a more accurate interpretation of the results obtained. 
The effects the flood had on fish are further evident when the remaining two blood 
variables are assessed. Decreases in Hct % and plasma protein concentrations were 
observed. This can be attributed to loss of appetite (Blaxhall, 1972), due to habitat 
disturbances observed during the flood, limiting food availability. This is further 
evident by fatty livers observed in all three fish species during necropsy observations, 
which reportedly can be diet related (Roberts, 1978; Hibij a, 1982). 
Decreased Hct % may also indicate anaemia, oligohaemia (Wepener, 1990) and 
haemodilution due to gill damage or impaired osmoregulation (Larsson et al., 1985). 
With the gills being continually exposed to the water column, increased heavy metal 
exposure, may have resulted in gill damage at all four-sample sites, resulting in the 
decreases in Hct % observed. The gills were observed as being pale during necropsy 
observations. This may well be an indication of damage caused to the respiratory 
function of this organ, after increased heavy metal exposure directly after the flood. 
This observation is further substantiated by epitheliocystis-like damage observed on 
the gills during periods of low flow in the system, whereby heavy metal exposure also 
increased (evapo-concentration). The pale colour observed may however, also be due 
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to parasite infestation as observed for C. gariepinus throughout the study, which may 
have resulted in impaired respiratory function. 
The observed decreases in plasma protein concentrations and WBC % may be due to 
liver damage (Van Vuren et al., 1994), more particularly after exposure to heavy 
metals. Damage to this haemopoetic organ was observed in the upper and lower 
catchment areas and was clearly observed during necropsy observations as focal 
discolouration in all three fish species. 
During necropsy observations abnormalities were primarily observed on the gills and 
liver. An additional abnormality observed, all be it, limited to B. marequensis 
collected at Bronkhorstspruit Dam, was swelling of the spleen. Swelling of the spleen 
is reportedly an indication of disease or immune problems (Adams et al., 1992). 
Parasite infestations and increased pollutant exposure during flood conditions may 
explain these findings, further suggesting that the investigation of blood variables and 
parasite infestations in fish evaluated using the HAI, are important in determining 
overall fish health. 
During statistical analysis using logistic regression analysis parasite numbers, more so 
endoparasite numbers, on there own were found to be indicative of overall fish health. 
Once fish are exposed to stressors in their environment, immunological response 
mechanisms come into play (WBC %). It is suggested that endoparasite numbers and 
WBC % provide the best overall assessment of fish condition in the Olifants River 
system. These variables should thus not be discarded from the HAI, if variables are 
being eliminated, in order to streamline the HAI evaluation procedures. This form of 
statistical analysis is helpful in substantiating and elucidating observed trends in a 
population sampled, with similar results obtained as discussed above. The only 
difference observed was the elimination of ectoparasites from the evaluation. 
Observations made during statistical analysis (logistic regression analysis) indicated 
that ectoparasites were not collected in sufficient numbers to be used in the models 
developed during flood conditions. This phenomenon can possibly be attributed to the 
fact that, accurate observations of ectoparasite numbers are not always possible, due 
to fish sampling techniques. 
After the preliminary results released during completion of the pilot studies conducted 
during drought conditions in the Olifants River system, the Fish Health Assessment 
Index has been used by the Department of Water Affairs and Forestry to assess water 
quality in various impoundment's (Killian, 1997). Further evaluation of the Health 
Assessment Index as discussed above, has also been carried out by the Rand 
Afrikaans University on the Vaal River system (Crafford, 2000), with promising 
results. This indicates the successful deployment of this bio-monitoring technique for 
assessment of water quality throughout South Africa. 
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6.1. Introduction 
The aim of the current study was to evaluate the effectiveness of the Health Assessment 
Index (HAI) as bio-monitoring tool, tested under South African conditions. In order for 
results obtained during testing of the HAI to be considered accurate, the current study 
attempted to corroborate the initial findings. This was done by re-testing of the HAI at the 
same two sample sites (Mamba and Balule), using the same fish species, assessed during 
two of the initial pilot studies. Comparable results were obtained, even though re-testing 
was conducted during varying environmental conditions (drought vs flood) and during 
additional testing of two dam sites in the upper catchment area. 
To further reiterate the scientific relevance of these results, the HAI has subsequently 
been tested in another river system, namely, the Vaal River system (Crafford, 2000). 
Similar trends were observed allowing the conclusion to be made that the HAI can be 
successfully deployed as bio-monitoring tool under South African conditions. 
During the preliminary stages of these investigations the DWAF attempted to streamline 
the HAI evaluation procedures. This was done by eliminating blood variables and 
parasites from the assessment. After statistical analysis during the present study, models 
developed for drought and flood conditions, indicated that these two variables were the 
most reliable in predicting fish condition and should thus not be eliminated from the 
assessment procedure. 
Reasons sited for the elimination of these variables were that they were time consuming 
and required high levels of expertise to carry out. The DWAF was aiming to use this bio-
monitoring technique as part of a community based approach to monitoring aquatic 
health. The aim was to simplify the HAI to such an extent that members of the public 
could carry out these necropsy procedures and simply report abnormalities to the DWAF. 
Can the HAI still be used by the layperson with the inclusion of blood and 
parasites? 
Blood variables :- The primary expertise required is the extraction of blood. In fish this 
is a simple procedure, requiring limited training. Blood analysis can be done in the 
laboratory, requiring the packaging of blood and sending off to an appropriate laboratory 
for analysis. This eliminates the need for knowledge pertaining to blood analysis 
techniques. A water affairs officer involved in the collection and distribution of such 
samples to the laboratory, may also serve as a liaison officer between the public and the-
DWAF. This job may be incorporated into an existing job description, namely the gauge 
monitor who regularly collects water samples and reports flow rates to head office. As a 
liaison officer, vacutainers and needles for the collection of blood can be provided to the 
public, with the appropriate anti-coagulant inserted. General information pertaining to the 
necropsy assessment of fish can be collected, and the aquisition of clearly marked blood 
samples can be made. The challenges involved would include maintaining the interest of 
the public and monitoring that accurate records are kept as to which necropsy assessment 
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belonged to which blood sample, this allows for the final HAI calculation to be made 
with confidence. 
Parasites :- A common problem sited is the need for species identification, which 
requires specially trained individuals. During the present study it has been shown that no 
species identification is necessary, thus no special expertise is required when determining 
the simple presence or absence of parasites. A simple grouping and counting of parasites 
found externally (ectoparasites) and then internally (endoparasites) is required. 
A further problem sited is the use of microscopes in order to see these parasites. The use 
of microscopes is seen to increase the cost of carrying out this type of project, the use of 
which also requires initial training to be successful. Most parasites, both endo- and 
ectoparasites are large enough to be observed with the naked eye, with smaller 
individuals observed using a magnifying glass, namely for gill parasites: Ectoparasites 
required to be detected using a higher magnification i.e. Gyrodactylus sp. and Trichodina 
sp. were not readily observed, this can possibly be attributed to the size of fish being 
sampled (Paperna, 1996). This level of analysis is thus not necessarily required in order 
for the HAI to be successfully employed. To further simplify this form of assessment 
however, observations of skin parasites (Argulus sp., Dolops sp., leeches, Lernaea sp. 
etc) and those in the coelom (nematodes and trematode cysts) can be made, with the gills 
and intestines bottled for laboratory analysis by a trained professional. 
Often high numbers of endoparasites makes counting time consuming and laborious. 
When parasites are present in high numbers, mostly endoparasites, an estimated 
percentage is used to determine parasite numbers. This introduces a degree of subjectivity 
to the assessment, however increased use of this technique by the assessor, will limit the 
standard error observed. If laboratory analysis is conducted to determine the number of 
these gut parasites, it is suggested that the same person be involved in the assessment of 
the same sample site. This further limits the subjectivity of the assessment, with the 
standard error probably remaining relatively constant. Laboratory type assessments could 
however allow a full count of gut parasite numbers to be made. 
It is concluded that the use of the HAI in a community based approach to water quality 
assessment can be done. The incorporation of parasites and WBC % will however, 
require the implementation of limited training, with more active participation of water 
affairs offices on the ground to facilitate collection of data. Regular workshops held at the 
sites being assessed can possibly further educate the public about the relevance of such a 
project. 
6.2. How can we be sure we are constantly testing the same fish population? 
This is a question constantly posed during use of current sampling techniques (gill, nets, 
hand lines and fishing rods). Fish have migratory habits constantly in search of food and 
often migrate far distances to spawn (Kleynhans, Malan, Engelbrecht and Schulz, 1993). 
The use of cages has been suggested to ensure the sampling of twenty fish from a 
selected population over time. This limits the time involved in searching for twenty fish, 
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with a water affairs officer only required to visit the holding pen at regular intervals for 
sampling. 
A lot of work has gone in the development and design of floating caged systems used in 
salmon aquaculture facilities. These systems have been tested in harsh environmental 
conditions, meant to withstand large waves and swells and potentially high currents 
found in marine conditions (Environmental assessment office, 1998). These caged 
systems can easily be adapted to site specific requirement (Environmental assessment 
office, 1998), and will thus be ideal for implementation in various water systems in South 
Africa. 
The fish species suggested as being the most successful in predicting aquatic health, was 
C. gariepinus, an omnivorous scavenger (Skelton, 1993). This allows positioning of these 
cages in any area which allows a flow through of detritus. C. gariepinus also needs to 
return to the surface in order to breath (Vandewalle and Chardin, 1991), positioning of 
these cages will thus have to allow access to surface waters. The use of floating cages as 
used in salmon aquaculture, should fulfil this requirement. Fish in these cages will 
theoretically be exposed to the same environmental conditions as free-swimming 
individuals, this makes the results obtained using the HAI, applicable to the site being 
assessed. 
Problems expected when keeping fish in cages are the changes in the condition factor 
(CF), calculated as a ratio of length and weight (Le Cren, 1951). Fish are not as mobile in 
these caged systems, with stunted growth often observed in fish found in high densities 
(Le Cren, 1951). A CF calculated for these fish will thus most definitely differ from free 
swimming individuals. Sampling the same cage over time however, should still indicate a 
decline in fish condition when new environmental stressors are introduced. 
These caged conditions can be compared to aquaculture conditions, changes in host 
density may produce alterations in a parasite infrapopulation, which leads in 
corresponding density modifications in the suprapopulation (Esch, Gibbons and Bourque, 
1974). An increase in density of parasites within a host can be attributed to a reduction of 
natural or acquired resistance (Esch et al., 1974) i.e. immunity. Thus changes to parasite 
numbers and immune responses need to be monitored, as these are the two variables 
shown to be the most important in determining fish health using the HAI. Caged fish may 
however, reach an equilibrium balance in parasite infra- and suprapopulations as well as 
immune responses to these conditions. Although these numbers may differ from their 
free-swimming counterparts, once an equilibrium balance is reached, observed 
fluctuations may still indicate changes in fish condition. 
Further attention should be taken to observe changes in the species composition of 
parasites observed in these captured fish as compared to their free-swimming 
counterparts. A disruption in the intensity of individual parasite species may result due to 
a disruption in feeding regimes of fish, with the subsequent link between parasites and 
intermediate hosts disturbed. This will interfere with the completion of the parasite life 
cycles, possibly negatively affecting infection rates. Thus observed decreases or increases 
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in parasite numbers may not necessarily be due to changes in the condition of the aquatic 
environment. 
The suggested use of caged system in order to ensure the sampling of the same 
population over time, also limits the time involved in searching for the required twenty 
fish for an accurate assessment of the sample population. Before implementation of caged 
systems however, various unknown factors need to be investigated to ensure the accuracy 
of the HAI evaluation in these modified conditions. 
6.3. How has the HAI been modified during the present study? 
As developed by Adams et al. (1993), the HAI used during the current study makes use 
of post mortem, blood and parasite components. The post mortem indicates 
morphological abnormalities due to environmental change, whereas blood constituents 
indicate physiological change due to increased exposure to these environmental stressors. 
Prior to the current study, parasites were seen as an indication of disease, and thus an 
indication of bad fish condition. Observation made in the field, indicate that parasites are 
always present, however fluctuations in their numbers can be considered an indication of 
disease (Overstreet, 1993). These fluctuations are known to occur due to environmental 
changes (Lafferty, 1997), thus it may be concluded, that changes in water quality may be 
observed as changes in parasite numbers. As seen during the present study endo- and 
ectoparsites react differently to these environmental changes and thus during the current 
study they were evaluated separately. 
The separate evaluation of endo- and ectoparasites indicates the change in approach from 
the use of the original HAI procedures. Parasites are no longer seen as simple indicators 
of poor fish condition, but rather as possible bio-indicators of water quality. Thus the 
HAI can now be seen as a bio-monitoring technique combined with a Parasite Index 
component. 
6.4. How the HAI should be used to provide meaningful results 
Historical data base 
The assessment of the same sample site over time, provides a historical data base, with 
which predictions can be made as to the extent of an environmental disturbance i.e. flood 
and drought conditions, or pollutant spills, provided that particular fish community has 
previously been sampled during a similar disturbance. The graphical representation of 
this historical data also makes a quick and accurate assessment of newly acquired results 
possible. Once this data base is established, this will further eliminate the need for a 
control site to determine a respective decline or improvement in water quality. 
Using the correct fish species 
The collection of meaningful data is required to make a successful assessment of water 
quality possible. This means using a good indicator fish species when employing the 
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HAI. This was seen during the initial pilot studies using 0. mossambius (Robinson, 1996) 
and Labeo rosae (Luus-Powell, 1997) and during a study conducted in the Vaal River 
system using L. umbratus and L. capensis by Groenewald (2000). These fish species 
provided little evidence of morphological or physiological abnormalities as indicators of 
poor water quality. Even with a total of twenty five fish per species, sampled per survey 
by Groenewald (2000), no true reflection of the aquatic health was attained. This 
indicates that even when more fish are sampled per site, if the wrong indicator fish 
species is selected, results obtained will remain inconclusive. During a pilot study by 
Marx (1996), and during the current study as well as a study conducted by Crafford 
(2000) in the Vaal River system, C. gariepinus was shown to provide meaningful results 
when the HAI was employed. 
Mesoparasites 
During flood conditions the logistic regression analysis model indicated that ectoparasites 
were no longer considered a predictive variable for assessing fish condition. It was 
suggested that inaccurate ectoparasite counts were made during the health assessment. 
The use of gill nets may have resulted in the removal of parasite or parasites actively left 
the host before they could be counted (Avenant, 1983). 
Those ectoparasites not removed by the gill nets are more accurately termed 
mesoparasites. These parasites are partially protected and embedded into fish tissue, 
making their removal due to abrasion more difficult. L. clariae falls into this category, 
situated on the gills, water flow over the gill surface means they are directly exposed to 
the water column, thus the developed parasite hypothesis still holds true for this 
"ectoparasite". The use of these mesoparasites as bio-indicators may provide a more 
accurate assessment of fluctuations in ectoparasite numbers and thus changes in water 
quality as proposed by the parasite hypothesis. It may thus be suggested that only 
mesoparasites be used as representatives of the ectoparasite fauna during deployment of 
the Health Assessment Index. This should be done in order to eliminate the subjectivity 
in the count of this group of parasites, possibly improving the predictive ability of this 
variable when assessing fish health. 
The use of the HAI at a specific sample site for an extended period can thus provide 
meaningful results with respect to aquatic health. The accuracy of these results is further 
ensured with the use of a good indicator fish species, with continual assessment of HAI 
variables fuither improving the assessment protocols. 
6.5. Incorporation of the HAI into the national biomonitoring programme for 
riverine ecosystems (SANBP).  
The South African Bio-monitoring Programme (SANBP) aims to directly measure, assess 
and report on the ecological state of aquatic ecosystems in South Africa. This will be 
done through the use of biological indicators, supported by ecosystem indicators (Roux 
and Harris, 1996). The aim is to further detect and report on spatial and temporal trends 
in the ecological state of aquatic ecosystems, and to identify and report on emerging 
problems regarding the ecological state of aquatic ecosystems in South Africa (Roux and 
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Harris, 1996). This system has as yet not been implemented in full due to financial 
constraints, and due to the fact that various components are still in the developmental 
stages (Heath, pers. corn.). 
The biological communities most commonly used as bio-monitoring indicators are 
invertebrates and fish. In South Africa, the bio-monitoring indices associated with these 
indicators are the SASS4 (South African Scoring System version 4), which makes use of 
aquatic invertebrates to assess water quality, and the IBI (Index of Biotic Integrity), 
which uses fish community parameters to assess the biotic integrity of an aquatic 
ecosystem. The latter is presently being adapted for use in particular regions in South 
Africa. A third biological indicator is riparian vegetation, which is commonly over 
looked in bio-monitoring exercises. Riparian vegetation serves as a "corridor" linking the 
riverine ecosystem to its surrounding catchment. Deterioration of the riparian vegetation 
has direct effects on channel structure, water quality and biotic integrity of the aquatic 
ecosystem. A Riparian Vegetation Index (RVI) has been developed for consideration in 
the SANBP (Uys, Goetsch and O'Keeffe, 1996). 
Can the HAI be incorporated into the SANBP? 
The following criteria are considered in the selection. of suitable indicators of aquatic 
ecosystem condition (Uys et al., 1996) when the HAI is subjected to each of these criteria 
the following observations are also made: 
Indicators of ecosystem condition should be sensitive to a range of changes/stresses 
and allow for the detection of trends, while being stable in response to natural 
variability (Uys et al., 1996). 
The HAI was tested under South African conditions for heavy metal 
pollutants, however initial testing in the USA tested the HAI using pulp mill 
effluent. The testing of the HAI for organic pollutants under South African 
conditions has not jet been conducted, however even with the addition of the 
Parasite Index component, this bio-monitoring technique should be accurately 
employed. Literature sited for the use of parasites as indicators of organic 
pollution however, suggest that a reversed parasite hypothesis may well be 
followed. These components all suggest that the HAI is sensitive to a range of 
stresses. During .assessment of the HAI in the Olifants River system, 
fluctuations in water quality, determined using chemical analysis of water and 
sediment were reflected by changes in observed fish condition. These changes 
did not however, follow seasonal trends (natural variability), but rather 
reflected a severe environmental disturbance, namely a flood event. This 
suggests that the HAI is indeed able to detect trends, but shows a limited 
respons to natural variability. • 
Indicators should further generate information which can be easily understood (Uys et 
al., 1996); 
Using the HAI calculation, a direct comparison of the calculated health index 
values determined during previous surveys, provides an indication of an 
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improvement or deterioration in fish condition. Data collected over time can 
be represented graphically. Additional data is thus quickly evaluated when 
plotted against existing data collected for that site. Data can thus be 
considered easy to work with and easy to understood. 
Indicators should be easy to measure (Uys et al., 1996); 
As indicated by the user manual, a simple scoring system makes the 
distinction between the normal and abnormal condition of the various 
morphological and physiological components possible. The only variables 
requiring some degree of expertise to determine the normal/abnormal 
condition, are blood variables. Commonly used laboratory techniques are 
however employed to determine the haematocrit, WBC % and plasma protein 
concentrations of each blood sample. Once each organ, tissue or appendage 
has been scored, a sum of these scores for each of the twenty fish being 
assessed is used to determine a mean value for that population. The mean 
value obtained is equivalent to the HAI calculation required. The HAI 
calculation is then compared between surveys to determine any deterioration 
or improvement in the fish condition of the population being sampled. 
Limited expertise is thus required for easy measurement of the acquired 
indicators, with a simple addition and mean calculation of these values, 
enabling the comparison of the health status of fish between surveys. 
Indicators should be found in science (Uys et al., 1996); 
Fish are common components of any aquatic ecosystem, absent only in highly 
polluted systems. Parasites too form part of the general ecological balance 
observed in any aquatic environment. Conclusions can thus be made that this 
form of analysis can be employed in almost all aquatic systems in South 
Africa. 
Be representative of the overall state of the environment (Uys et al., 1996); 
- Fish are high on the food chain, thus the cumulative effect of the 
environmental impact various pollutants may have on the respective 
environment should be observed. Indirectly, because the parasite communities 
found on fish are dependant on their hosts well-being for their survival, they 
too will reflect any changes in the fish's condition. Thus a direct link should 
exist between the deterioration of the environment, fish condition and the 
well-being of the respective parasite communities being tested. 
Be acknowledged by experts to measure or represent important aspects of river 
condition (Uys et al., 1996); 
- This criteria reflects the stage of development this bio-monitoring technique is 
at. Based on the conclusions made during the present study, this technique 
does measure an important aspect of river condition i.e. fish health. The 
general usability under South African conditions has been determined, 
however its acceptance for use by the scientific community still needs to be 
determined. Preliminary reports do however, seem promising. 
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Be appropriate for measurement at river-reach scales and over annual time periods 
(Uys et al., 1996); 
Data collected at various times of the year and in the upper and lower 
catchment areas remained comparable with each other, with no seasonal 
variations observed. This indicates that the HAI can indeed be used to 
measure at a river reach scale and over annual time periods. 
Be cost-effective (Uys et al., 1996); 
- Costs involved during field operation are comparable with other bio-
monitoring techniques in use today. Limited costs are involved in the initial 
training of individuals however, with simple visual observations made 
pertaining to morphological abnormalities of fish, with expertise required in 
the assessment of blood variables. 
Be sensitive to management intervention i.e. show changes as to results of 
management activities (Uys et al., 1996); 
- General improvement in water quality is reflected by a general improvement 
in fish health using the HAI. This was observed during the current study 
during comparisons made between drought and flood conditions. The initial 
deterioration in water quality directly after the flood and the subsequent 
improvement noted using chemical analysis of water and sediment samples, 
was also reflected by similar decreases and increased in fish condition, 
observed at each sample site. Thus the HAI can be considered sensitive to 
management intervention, with trends in water quality followed closely by 
improvements in fish condition. 
Integrate environmental effects over time and space (Uys et al., 1996); 
Abnormalities observed in fish can be considered indicators of long-term 
exposure to environmental pollutants. As observed for aquatic invertebrates, 
fish parasite can be seen as short-term indicators of environmental pollutants, 
primarily due to the fact that they have shorter life spans than their hosts. The 
HAI with the Parasite Index component, thus incorporates the effects of both 
long-term and short-term exposure to environmental pollutants, indicating a 
more overall assessment of the impact certain pollutants, or a combination of 
pollutants may have on the aquatic environment. 
Be unambiguously related to an identified issue (Uys et al., 1996); 
The issue at question is the state of aquatic health determined by the general 
health of the fish in the aquatic environment being tested. General increases 
and decreases in fish condition can thus be seen as a clear indication of an 
improvement or deterioration in water quality at the site being sampled. 
Provide an early warning of widespread change (Uys et al., 1996); 
This type of information is provided by changes in the species composition of 
selected communities in an aquatic environment, as observed during 
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deployment of SASS. The HAI is not designed to provide an indication of 
community structure, thus this bio-monitoring technique does not directly 
fulfil this criteria. Observations made during prolonged assessment of the 
parasite infra- and suprapopulations at a specific site however, may well 
provide an indication of widespread changes to the aquatic environment. 
Have a historical database (Uys et al., 1996); 
A historical data base can be developed over time. This is seen to be the best 
method of data comparison using this method of water quality assessment. An 
alternative means of comparison is the use of a control site to determine water 
quality. During the present study however, flood conditions resulted in a 
deterioration in the water quality at the control site, to such an extent that it 
could not be used as reference site during the initial stages of the study. 
Be capable of being measured using skills available to a resource manager (Uys et al., 
1996). 
As discussed previously, limited skills are required for the determination of 
blood variables. Once analysis is complete, results obtained are easily 
interpreted by the layperson using the scales provided in the user manual. The 
HAI calculation is a single value easily interpreted as an improvement, 
deterioration or the maintenance of the status quo with respect of overall fish 
condition, when compared to the existing historical database. It can thus be 
considered an appropriate method for incorporation into existing bio- 
monitoring systems with limited training required for initial implementation. 
The incorporation of the HAI into an existing management programme, like the SANBP, 
may well contribute to the assessment of overall aquatic health, as this method can be 
seen to providing meaningful results (results represented statistically) about the biotic 
integrity of a specific ecosystem. The HAI can be considered an integrated response to 
aquatic health assessment. The HAI has a developed Parasite Index component, which 
incorporates the distinct reaction of both endo- and ectoparasites to changes in their own 
microhabitat on fish. This bio-monitoring technique thus combines a study about the 
parasite as well as it's hosts reaction to environmental change. This two pronged 
approach to assessment thus further increases the reliability of the results obtained. 
6.6. Future developments for the HAI 
The next step in the process of development for the HAI is putting it into practice. This is 
one of the reasons for determining its applicability for incorporation into the SANBP. 
Further development of an easy to follow user manual will allow access to this method by 
any organisation wishing to use it. The user manual will aim to simplify the necropsy 
techniques, providing a step by step guide to the identification of the various 
morphological and physiological abnormalities expected in fish exposed to a polluted 
environment. 
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Development of HAI kits (box containing a photo guide to parasites and gross pathology, 
magnifying glass, sample bottles for collection of gill or intestine for laboratory 
evaluation and blood extraction equipment) could be used to supplement the manual. 
These kits will provide access to the HAI by the layperson with limited scientific 
knowledge. 
The development of short courses for concerned fisherman, on the general principals of 
the HAI, can be carried out on request, with a guide to the proper use of the HAI kits 
included. This allows an opportunity for interaction between the "consumers" (everyday 
users of the aquatic environment) and those trying to protect one of our most valuable 
resources. These interactions may well lead to the further identification of methods to 
streamline this bio-monitoring technique, ultimately making it more user-friendly to the 
"consumer". 
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APPENDIX A 
Appendix A. 
ARC-Onderstepoort Veterinary Institute 
98/2118 to 98/2137 
Report No: 101410 
Fish x 10 "Controls" — Tilapia - RAU- cases 98/2118 to 98/2127. 
Fish x 10 "Diseased" — Tilapia - Loskop Dam - cases 98/2128 to 98/2137. 
Diagnosis:  
Control Fish:- Mild hepatocytic biliary/lipofuschin pigmentation — all 10 fish; mild 
hepatic lipoidosis in 2; mild increased portal pigment aggregation in 4. 
Diseased Fish:- Various stages of hepatic lipoidosis and biliary/lipofuschin pigmentation 
with bile duct squamous and cystic metaplasia. 
Gross lesions:  
Control Fish: After fixation dull red brown, friable. 
Diseased Fish: 98/2128, 98/2129 & 98/2131:- Yellow, friable. 
Remainder: Numerous "mucoid" or crumbly dark-red cysts on surface and within 
substance, mostly 3-4 mm in diameter; intervening hepatic tissue yellow and friable, 
some of larger cysts contain pasty, yellow or red crumbly necrotic-appearing material. 
Histopathological changes and morphological diagnosis (MD) 
Control Fish: All 10 
Irregularly vacuolated cells. 
Bile/lipofuschin type pigment granules - small amount - diffuse, in 
hepatocytes. 
Minimal, small aggregates pigmented macrophages around intrahepatic 
pancreatic acini. 
In two fish adipose tissue (fatty cysts), minimal were present around the 
intrahepatic pancreatic tissue — 98/2124 and 98/2125. 
In one fish distinct fat vacuoles, minimal were present in the hepatocytes —
98/2119. 
In five fish there was moderate peri-pancreatic pigmented macrophage 
accumulation — 98/2118, 98/2121, 98/2123 to 98/2125. 
Appendix A. 
	I 
See Table for comments on "Diseased fish" — page iii. 
Comments:  
Control fish: The mild juxta-pancreatic pigment accumulation in 5 fish together with fatty 
cysts in 2 and mild hepatic lipoidosis in one suggests some dietary 
imbalances/chronic stress leading to excessive breakdown of hepatic glycogen 
stores and hence hepatic lipoidosis and "fatty cyst" formation. The excessive bile 
accumulation in the hepatic cysts is probably an indication of bile 
stasis/impedance of bile outflow, and so too the juxta-pancreatic pigment 
accumulation. 
Diseased fish: There is indeed severe hepatic pathology in these fish (refer to table 1). 
There are 2 groups of lesions: no's 1-3 in table 1 are probably associated with 
inadequate feed intake and chronic stress, and hence excessive breakdown of 
hepatic glycogen (energy stores) — see comments under control fish. The lesions 
4-8 can be regarded as cholangitis/cholangiolar proliferation and metaplasia, and 
bile stasis/ blockage with an associated granulomatous inflammation probably 
attributable principally to rupture of cystic/metaplastic ducts and in one fish 
98/2136 even neoplasia — bile duct adenoma (cholangioma). All these lesions 
have been described to occur in fish in heavily polluted areas. I repeat here a 
quote from: Systemic Pathology of Fish, pp. 151: 
"Fish in heavily polluted areas may have prominent cholangitis with increased 
numbers of ducts as well as metaplastic changes in the duct epithelium or even 
frank necrosis. It has been suggested that the often high incidence of associated 
bile duct and hepatocyte carcinomas in these fish is not merely coincidence but a 
direct result of such pollution." 
The wide range of hepatic lesions suggests pollutants of a varying nature and 
would require extensive/detailed investigations. Some possibilities to 
explore/investigate should include potential hepatic carcinogens, mycotoxins and 
heavy metals. 
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